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ABSTRACT 
Resource Partitioning among Brown Bears at Brooks River in 
Katmai National Park and Preserve, Alaska 
by 
Tamara L. Olson, Master of Science 
Utah State University, 1993 
Major Professor: Dr. Barrie K. Gilbert 
Department: Fisheries and Wildlife 
A quantitative study of the behavior of brown bears 
(Ursus arctos) was undertaken in areas of differing human 
activity at Brooks River in Katmai National Park and 
Preserve, 1988-1990. The research was conducted to 
determine whether the activity of any particular classes 
of bears using the river were differentially affected by 
human activity, activity of conspecifics, or availability 
of salmon. Approximately 1643 hours of systematic 
observation were recorded, 781 between June 26 and July 29 
and 862 hours between August 26 and October 12 of all 
three years. Comparisons of fish capture rates by bears 
and distributions of bear use among observation zones were 
made by grouping individually identified bears according 
to both their age-sex class and tolerance of people 
(habituation). 
xi 
Differences in distributions of use among 
age-sex classes were apparent only during June-July; 
during that time subadults and females with young favored 
use of the river below Brooks Falls to a greater degree 
than other bears. Fish capture rates recorded during July 
1990 showed a more than three-fold increase over those 
observed 1988-1989. The apparent increase in fish 
availability to bears that year was accompanied by the 
only observed differences in fish capture rates among 
age-sex classes. During July 1990 salmon availability in 
the observation zones near Brooks Camp increased 
significantly over the previous two years; habituated 
bears (tolerant of people at <50 m) showed nearly three 
times as much use of those zones as in 1988-1989. In 
contrast, nonhabituated bears (61.5%-76.3% of all adult 
bears observed among observation years and seasons) showed 
minimal use of these areas despite the high availability 
of salmon. During the fall of each year fish capture 
rates appeared highest in the observation zones near 
Brooks Camp. Habituated bears used these zones 
significantly more than did nonhabituated bears, and 
overall rates of river use were higher for habituated than 
nonhabituated bears. Depending on their habituation 
class, females with young showed distinctly different use 
patterns through the fall season and across observation 
xii 
zones. All nonhabituated females with young (50.0% of 
females with young of known habituation class) favored use 
of the observation zone nearest Brooks Camp, and their 
activity was highest late in the season when human 
activity was minimal. The implications of patterns of use 
by age-sex class and degree of habituation to people are 
discussed. (159 pages) 
CHAPTER I 
INTRODUCTION 
Searching for food, diet selection, and patch use in 
animals have been viewed theoretically as a function of 
energy maximization (Stephens and Krebs 1986). Other 
contributors to fitness beyond efficient foraging are 
recognized as constraints, including competitors, avoiding 
predators, needs for specific nutrients, etc. (Hughes 
1989) . 
At Brooks River in Katmai National Park and Preserve 
(NPP) some classes of bears are apparently able to avoid 
risks from people and from other bears by moving to river 
locations that provide lower fishing return rates. 
However, earlier research (Braaten and Gilbert 1987) 
suggested that one cohort, females with young, . may have 
virtually eliminated their use of the river in response to 
the current level of human disturbance. Therefore, this 
group of bears was selected as the focus of an 
investigation to identify constraints on their ability t o 
maximize energy intake. In particular, the constraining 
effects on habitat use from people as a risk factor, and 
from large male bears as both competitors and threats to 
dependent offspring were identified for further study. A 
conceptual model envisioned constraints to maternal 
females so severe that no river locations were acceptable 
to those bears. Such a model was useful to examine both 
from the park management perspective and also in the 
context of current ecological theory. 
Brown bears (Ursus arctos) fish at Brooks River for 
migrating sockeye salmon (Oncorhynchus nerka) from late 
June through July, and for spawned-out salmon from late 
August through much of October. Because Brooks River has 
the earliest run of salmon in the season and late 
accumulations of spawned-out salmon in October, it has 
salmon available to bears longer than any other river in 
the park (Troyer 1980). Bears fishing during June-July 
concentrate much of their activity at Brooks Falls, but 
also fish in other parts of the river. During the fall 
bear use is dispersed over the entire river. 
2 
Brooks River and its banks also receive relatively 
high human use between late June and mid-September. Bears 
using the river must therefore contend with both the 
activities of conspecifics and people. Visitation at 
Katmai NPP, and in particular the Brooks River area, has 
more than doubled over the past 10 years, and the 
potential for bear displacement from this prime habitat 
has been identified as a specific management concern in 
the Katmai NPP General Management Plan (Natl. Park Serv. 
1986). 
3 
In Chapter II we examine the role of age-sex class in 
determining fish capture rates and distributions of river 
use. Our expectation was that large adult males and 
females with young, both identified as consistently 
dominant classes of bears by Egbert (1978), would spend 
their time predominantly in the most productive river 
zones and would show highest rates of fish capture. In 
this chapter we also estimate the energetic value of 
salmon to the different age-sex classes of bears and 
discuss these values relative to observed fish capture 
rates and use patterns. 
To determine whether human activity affected bear use 
of the river, particularly bear access to salmon, in 
Chapters III and IV we compare patterns of river use by 
bears differing in their tolerance of people. In Chapter 
III we examine the use patterns of these bears during both 
July and the fall, towards an estimation of the impacts of 
human activity on total adult bear use of the area. 
Chapter IV looks specifically at the effects of human 
activity on females with young using the river during the 
critical fall feeding period. We compare the use patterns 
of females with young differing in their tolerance of 
people, and examine the use patterns of these females as 
their reproductive status changes across study years. 
Chapter V provides illustration of the risk incurred by 
4 
females with young using the river in close proximity with 
conspecifics. In this chapter we detail two incidents of 
infanticide observed at Brooks Falls, and summarize rates 
of offspring mortality across the three years of the 
study. 
Chapters II and III will be submitted to the Journal 
of Wildlife Management for publication. Chapter IV was 
presented at the Ninth International Conference on Bear 
Research and Management (Feb, 1992), and is being reviewed 
towards publication in the conference proceedings. 
Chapter V has been accepted by the Canadian 
Field-Naturalist as a note (Feb, 1993). 
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CHAPTER II 
AGE AND SEX RELATED DIFFERENCES IN BROWN BEAR FORAGING 
AND ACTIVITY ON AN ALASKAN RIVER 
6 
ABSTRACT: Brown bear (Ursus arctos) fishing activity was 
; bserved at Brooks River in Katmai National Park and 
Preserve, 1988-1990 to examine the role of age-sex class 
in determining fish capture rates and distributions of 
river use. Over the three years approximately 781 hours 
of observation were recorded between June 26 and July 29, 
and 862 hours between August 26 and October 12. Females 
with young and subadults used Brooks Falls for less of 
their total time than other bears; this difference was 
significant in 1988 and 1990. Fish capture rates during 
June-July were similar among all age-sex classes the first 
two years of the study. In 1990 fish availability was 
considerably higher than the previous two years, and a 
significant difference among classes in fish capture rates 
was noted. During August-October fish capture rates by 
bears were significantly higher in the two observation 
zones adjacent to Brooks Camp, where fish accumulated, 
than in the zone further upriver during all years sampled. 
Bear activity during the fall was dispersed among the 
lower river zones with no significant differences in 
distributions of use among age-sex classes of bears in any 
year. Fish capture rates recorded August-October were 
significantly different among classes only in 1990. The 
caloric value of a salmon to a bear feeding at Brooks 
River was estimated as 4452 kcal during June-July and 
1315-1881 kcal during the fall. Estimates of brown bear 
BMR by class suggested that many bears were able to meet 
minimum daily energetic requirements within 1-2 hours of 
fishing during June-July and within an hour of fishing 
during the fall. 
INTRODUCTION 
Brown bears aggregated at concentrated food sources 
have been reported to form "loose" dominance hierarchies 
based largely upon age and size, with large adult males 
most dominant, followed by females with young, other 
adults, and with subadults in increasingly subordinant 
positions (Hornocker 1962, Stonorov and Stokes 1972, 
Egbert 1978). Observations at McNeil Falls, where many 
bears gather to fish for salmon, indicated that social 
status played an important role in determining access to 
prime fishing sites, and consequently, the more dominant 
classes of bears showed higher rates of fish capture 
(Egbert 1978). Luque (1978) found that older more 
dominant bears fished at higher rates than other 
individuals, suggesting that they were more efficient at 
acquiring fish than were their younger counterparts. 
7 
8 
Previous studies of brown bear fishing behavior 
focused mainly on bear activity at McNeil Falls during the 
prespawning period, when bears preyed on live salmon 
migrating to their spawning grounds; use of other portions 
of the river by bears has not been well documented (Egbert 
1978). Quantitative observations of brown bear fishing 
activity during the fall, when salmon are spawning, exist 
only as general reports of bear presence or absence. 
At Brooks River in Katmai National Park and Preserve 
(NPP), bears fish for migrating salmon from late June 
through July, and for spawned-out salmon from late August 
through much of October. Bears fishing during June-July 
concentrate much of their activity at Brooks Falls, but 
also fish in other parts of the river; during the fall 
bear use is dispersed over the entire river. This 
constitutes the longest period of use of a river by 
feeding bears in Katmai NPP (Troyer 1980a). 
The Brooks River area also receives intense human use 
between late June and mid-September (>10,750 visitor days 
in 1991; D. c. Nemeth, Natl. Park Serv., unpubl. data). 
Bears using the river must therefore contend with both the 
activities of conspecifics and people in and along the 
river. Brooks River visitation has doubled over the past 
10 years (D. C. Nemeth, Natl. Park Serv., unpubl. data), 
and the potential for bear displacement has been 
identified as a specific management concern (Natl. Park 
Serv. 1986a, 1986b). 
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Braaten and Gilbert (1987) repor t ed a disparity in 
the ratio of females with young to single bears using 
Brooks River during the period of heaviest visitor use 
(June-Sept). Females with young were only observed 
regularly late in the fall after most facilities in Brooks 
camp were closed and use of the Brooks River area by 
people was relatively low. Females with dependent young 
may also have avoided the river earlier in the season due 
to the activity of other adult bears, particularly large 
adult males. Documentation of the use patterns and 
fishing activity of bears was requested by the National 
Park Service (NPS) to provide specific quantitative 
information useful in the ongoing planning for future 
human use of the Brooks River area, particularly in 
assessing the relative significance of different portions 
of the river to bears. 
We observed bear activity on Brooks River between 
1988 and 1990, documenting brown bear use of the river 
from Brooks Falls to the river mouth, both during the 
salmon migratory period of late June through July and the 
salmon spawning period of late August through early 
October. In this paper we examine the role of age-sex 
class in determining fish capture rates and distributions 
10 
of river use. 
We compared bear fish capture rates recorded in 
different observation zones along the river as an index of 
salmon availability, and then examined the distributions 
of use for each age-sex class among these same observation 
zones. We also compared fish capture rates recorded for 
individuals within each age-sex class to determine any 
correlation between class status and fish capture rates. 
Our expectation was that large adult males and females 
with young, both identified as consistently dominant 
classes of bears by Egbert (1978), would show highest 
rates of fish capture and would spend their time 
predominantly in the most productive river zones. 
The energetic value of salmon to the different 
age-sex classes of bears is estimated and discussed 
relative to observed fish capture rates. We also provide 
an evaluation of the relative significance of the 
different observation zones to the different age-sex 
classes of bears based upon observed use patterns and fish 
capture rates. 
STUDY AREA 
Katmai NPP is located on the northern portion of the 
Alaskan Peninsula (Fig. 1). The Naknek drainage, of which 
Brooks River is a part, comprises one of the four most 
productive salmon drainages in the region. 
11 
Brooks River serves as a major migratory route and, 
to a lesser extent, spawning stream for sockeye salmon 
(Oncorhynchus nerka). The river is approximately 2.5 km 
in length, flowing from Brooks Lake into Naknek Lake, with 
a 2-m high falls midway. The upper river is generally 
bordered by a forest cover of alder (Alnus spp.), spruce 
(Picea, sp.), birch (Betula sp.), and willows (Salix, 
spp.). Near the mouth of the river the banks are lower 
and more open, supporting marsh areas. 
There are two main periods of bear activity at Brooks 
River. The first occurs during the first three weeks of 
July when large numbers of salmon pass through the river, 
most headed towards upper tributaries (Merrill 1964). 
Brooks River is the first river within the park at which 
significant numbers of salmon become available to bears. 
Bears gather at the 2-m high Brooks Falls, where fish are 
captured as they jump or school below the falls. The 
number of salmon moving up the river declines towards the 
end of July when most bears move on to other food sources. 
Bear activity increases again along Brooks River at 
the end of August, and grows through September and 
October. This second ''season" of bear activity far 
surpasses the bear activity levels of July (Troyer 1980b, 
Braaten and Gilbert 1987, Warner 1987, Olson et al. 1990, 
Olson and Squibb 1990, Olson and Squibb 1991). Bears 
12 
concentrate in the lower portions of the river during the 
fall as dead and dying, spawned-out salmon accumulate in 
backwaters, snags, and along the lakeshore. 
Brooks River attracts many park visitors who come to 
fish, and to view and photograph bears. Brooks Camp, 
located on the north side of the river along the Naknek 
shoreline, provides facilities for park visitors and park 
and concessions employees (Fig. 1). The camp includes a 
lodge, visitor center, and park and concessions housing 
and support facilities. Beyond these buildings to the 
north is a 21-site campground. Brooks Camp is accessed by 
float planes and by boats, most originating in King 
Salmon, about 40 km to the northwest. The majority of 
planes land offshore from Brooks Camp and taxi to the 
shore at developed facilities. 
The main visitor season is from about mid-June 
through the first week of September. Brooks Lodge closed 
on September 10 between 1988 and 1990, and use of the 
river declined substantially following this closure. 
METHODS 
Data presented were collected from June 26 - July 29 
and August 26 - October 12, 1988-1990. Observations were 
taken only on the river from Brooks Falls down to the 
mouth on Naknek Lake. This area was divided into four 
zones (Fig. 1): 
Zone 6: Brooks Falls, to approximately 100 m 
downriver, to the beginning of the rapids. 
Zone 5: The Cutbank, from the beginning of the 
rapids below Brooks Falls to the upriver end of 
the Oxbow marsh. 
Zone 4: The Oxbow, from the upper end of the 
Oxbow marsh to the pontoon floating bridge. _ 
Zone 3: The river mouth, from the pontoon 
footbridge to Naknek Lake. 
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Observers viewed Zone 6 from the public viewing platform, 
Zone 5 from a 3-m tree stand on the south side of the 
river atop a 3-m eroding bank, and Zones 3 and 4 
simultaneously from a 4-m tower of scaffolding. This 
tower was located on the south side of the river at the 
bridge in 1988, and on ~ e north side of the river 
directly opposite its original location in 1989 and 1990. 
Comparisons of data collected from both locations showed 
no apparent effect on total bear minutes observed. 
Sampling of bear activity from the Brooks Falls platform 
was discontinued each fall because bear use of the river 
shifts markedly with fish abundance towards the river 
mouth during this time. 
Observation sessions were scheduled systematically; 
the sampling regime produced balanced coverage through all 
daylight hours (June-July: 0600-2200 hr; Sept-Oct: 
0800-2200 hr) and across all observation zones within a 
consecutive number of days. The number of days required 
to accomplish sampling varied from 3 to 6 days between 
years, largely depending upon the number of observers 
involved. 
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Records of identifying characteristics of individual 
bears were maintained, and each bear was assigned an 
identification number. Many bears were recognized between 
study years (23%; 25/108); however, changes in physical 
appearance may have precluded reidentification of some 
individuals. 
The age-sex class of each bear was recorded using the 
following categories: (1) subadult, a young independent 
bear (2) adult male, a sexually mature male (3) adult 
female, a sexually mature female (4) female with dependent 
young (cubs, yearlings, or 2.5 year-olds) (5) large adult 
male, a sexually mature male of greater than average size 
and typically with dark coat color. 
Classification according to age-sex class was 
carefully made, usually after repeated observations of the 
individual. In those cases in which sufficient data were 
lacking to make a definitive classification, the 
individual was categorized as unknown. Bears in the 
"unknown" category were typically classified according to 
age as adult or subadult of unspecified sex. 
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A possible bias exists in the classification scheme 
due to the smaller body size of females relative to males. 
A small adult female could have been mistakenly 
c ategorized as a subadult. Repeated observations of 
individuals over four years (1988-1991) suggest this to be 
a minor problem at worst; the behavior of most recognized 
individuals across years indicated initial classifications 
were correct. 
Complete record sampling (Slater 1978) and focal 
sampling (Altmann 1974) were used to record information 
regarding bear activity. Arrival and departure times and 
individual identities were recorded for all bears seen 
during an observation session. Frequency of fish capture 
and duration of fishing and consumption were also recorded 
for a subsample of the individuals using the monitored 
area . Since portions of dead salmon were retrieved by 
bears, these were recorded to the nearest quarter. 
Observed levels of bear activity (total bear minutes 
[tbm]) rates calculated using total sample minutes (tom) 
as the divisor. 
Fish capture rates (i.e., fish caught per fishing 
hour [f/fh]) were derived from the individual bear fishing 
data, using total fishing hours (fh) as the divisor. A 
minimum sample size of 60 fishing minutes was required for 
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an individual bear to be included in statistical 
comparisons of fish capture rates. Focals of less than 5 
minutes were considered too brief to document fishing 
behavior and were deleted from the analyses. 
Most statistical evaluations were made using a single 
rate of fish capture or activity derived for each 
individual bear observed during a given season and year; a 
few comparisons were made by pooling data across 
individuals and are so indicated. Bears were grouped into 
four general age-sex classes for most comparisons: (1) 
subadults (2) adult singles (3) females with young (4) 
large adult males. These four classes represent the most 
reasonable subdivision by previously documented 
differences in dominance (Egbert 1978), which also 
provides sample sizes (number of individuals) adequate for 
statistical evaluations. 
Data sets that could be compared showed relatively 
similar non-normal distributions. However, many samples 
were too small to adequately evaluate these 
characteristics. Therefore, standard nonparametric data 
analysis procedures were applied to the data (Zar 1984), 
and pair-wise comparisons were made using a test robust to 
differences in variance. A Kruskall-Wallis one-way layout 
was used to assess differences in fish capture rates 
between age-sex classes, and in distributions of use 
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between classes, with planned comparisons by pair-wise 
modified Mann-Whitney-Wilcoxon n tests (Fligner and 
Policello 1981, Day and Quinn 1989) if the Kruskall-Wallis 
test proved significant. Wilcoxon's matched-pairs 
signed-ranks test was used to compare distributions of 
activity by class in Zones 3, 4, and 5 and to compare fish 
capture rates by individuals between different river 
zones. A Poisson model (Freme 1983, Baker 1985) of fish 
capture rates was used to evaluate differences in fish 
capture rates between zones through the fall sample 
period. £ ~ 0.100 was considered significant; all tests 
were 2-tailed. 
RESULTS 
June-July 
Approximately 776 hours of observation time recorded 
between June 26 and July 29, 1988-1990 were included in 
the analyses. Observations included 728 hours of bear 
activity; focal observations were made during 660 of those 
hours. Since fish availability varied among years, 
comparisons of bear use patterns and fish capture rates 
were made separately for each year. 
Salmon Availability.--During 1988 and 1989 bears fed 
primarily upon live salmon (90.7%); in 1990 live salmon 
comprised a relatively smaller (51.5%) proportion of the 
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fish caught and consumed. Live salmon were most 
accessible to bears in Zone 6 where fish became vulnerable 
to predation as they jumped the falls and schooled below 
it. Downriver the availability of live salmon to bears 
was dependent upon the number of salmon present and the 
water depth at any given location. Dead salmon, when 
available, appeared most accessible to bears in _backwaters 
and eddies, where the carcasses settled to the bottom of 
the river. Since availability of salmon to bears was 
affected by factors other than simply the number of fish 
in the river, bear fish catch rates were used as an index 
of salmon availability. 
The total rate of fish capture across all zones was 
similar for bears between 1988 and 1989 {1988: 1.8 total 
fish/total fishing hours, 1989: 2.8 f/fh), but appeared 
substantially higher in 1990 with a rate of 7.8 f/fh. A 
comparison of fish capture rates by adult single bears 
between years confirmed this difference (Kruskall-Wallis H 
= 14.53, df = 2, E = 0.001; Fligner Policello ~: D.ss = 5 Ilg 9 
= 8 n~ 9, 1988 vs. 1990 = 3.39 E < 0.025, 1989 vs. 1990 
= 3.91 E < 0.025, 1988 vs. 1989 = 1.45 E > 0.200). Fish 
capture rates by bears showed a trend similar to that of 
escapement counts made for the Naknek drainage; 1988 and 
1989 had similar escapements of 1.0 and 1.2 million 
salmon, respectively, while the salmon escapement was 2.1 
million in 1990 (Div. Comm. Fish., Alas. Dep. Fish and 
Game, unpubl. data). 
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In both 1988 and 1989 the total rates of fish capture 
in each zone appeared relatively similar; however, fish 
capture rates increased dramatically, as did differences 
among zones, in 1990 (Fig. 2). Dead salmon were 
frequently observed drifting downriver from Brooks Falls 
(Zone 6) in 1990; this was only occasionally observed the 
previous two years. The increased mortality resulted in 
an accumulation of carcasses downriver in Zones 3 and 4. 
A casual count in mid-July recorded more than 160 
carcasses on the bottom of the river in Zone 3. 
Consequently, many more fish were available to bears using 
these areas than were available in the previous two years. 
The increase in fish availability to bears downriver of 
Zone 6 is also illustrated by the total number of fish 
caught in the two areas. In 1988-1989 13.6% {107/788.25) 
of all salmon observed caught were obtained downriver of 
Zone 6, as compared to 47.3% {277.50/586.50) in 1990. 
Age-Sex Class Composition.--The number of individual 
bears identified increased slightly from 1988 to 1989 and 
remained similar in 1990 {Table l}. There appeared to be 
a possible trend towards an increased number of adult 
males. This trend continued in 1991 (Olson and Squibb 
1991). The number of females with dependent young 
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remained similar among years. 
The number of individuals identified in each age-sex 
class was compared with the total bear minutes recorded 
for each class (Table 2). A disparity between number of 
individuals and level of use was noted in 1988 and 1989 
for adult singles of unknown sex. Since these individuals 
were not observed long enough to determine sex, a low 
level of use was expected. In 1988 and 1990 subadults 
also appeared underrepresented in regard to use level: in 
1988 subadults used the river 13.3% less than expected 
given the number of individuals observed, and in 1990 
their use was 6.0% less than expected. 
Distributions of Use _!2y Class.--Zone 6 was the most 
heavily used area by bears during all three years of the 
study. All age-sex classes were represented in Zone 6 
each year; however, there were appreciable differences in 
the degree to which different classes used the zone. 
There were also substantial individual differences in 
distribution of use between Zone 6 and the lower river 
zones, and in rates of activity recorded. It should be 
noted, however, that most bears recognized across the 
three years of the study showed relatively consistent 
distributions of activity (Fig. 3). The one obvious 
exception was Bear #4, who used Zone 6 almost exclusively 
in 1989 when she was without young, but clearly favored 
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Zones 3, 4, and 5 when she was with young. 
Comparisons of the age-sex class distribution of use 
between Zone 6, and Zones 3, 4, and 5, where activity was 
more dispersed, indicated a significant difference among 
classes in both 1988 and 1990 (1988: ti= 9.98, df = 3, £ = 
0.019; 1990: ti= 10.85, df = 3, £ = 0.013). In 1988 adult 
single bears spent proportionately more time in Zone 6 
than did subadults (Fligner-Policello _Q = 4.79, n. = 7 Ilsa 
= 4, £ < 0.025). In 1990 subadults and females with young 
spent proportionately less time in Zone 6 than adult 
singles; subadults also showed significantly lower 
percentages than large adult males (n. = 12 Ilsa= 5 n, = 3 
n01 = 3, subadults vs. singles _Q = 6.67 E < o .n 2s, 
subadults vs. large males _Q = 4.03 £ < 0.100, subadults 
vs. families _Q = 0 £ > 0.200, singles vs. families _Q = 
5.00 £ < 0.025, singles vs. large males _Q = 0.14 £ > 
0.200, families vs. large males _Q = 1.14 £ > 0.200). 
While differences in percent use of Zone 6 among classes 
were not significant in 1989 (ti= 5.76, df = 3, £ = 
0.124), subadults again showed noticeably less use of the 
area relative to use of Zones 3, 4, and 5 (subadult median 
= 0.4% mins in Zone 6). 
As mentioned previously, in 1990 fish capture rates 
appeared much higher downriver in Zones 3 and 4 than in 
Zones 5 and 6. However, an examination of the 
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distributions of use by individual bears suggests that 
only a few bears took advanta g e of the large numbers of 
fish avai l ~ble there (Fig. 3). Of the 24 bears observed 
only three adults and two subadults used Zones 3 and 4 
more than Zones 5 and 6 . 
Fish Capture Rates ]2y Age-Sex Class.--Fish capture 
rates were summarized for each age-sex class and year. 
With the exception of a few bears in 1990, most fishing 
activity was recorded in Zone 6. Consequently only a few 
adequate samples (e.g., ~60 fishing min per individual) of 
fishing by individual bears were available in Zones 3, 4, 
and 5. Comparisons among age-sex classes within each year 
were therefore restricted to Zone 6. 
In 1988 and 1989 only one subadult fished long enough 
in Zone 6 to be included in any statistical comparisons; 
in 1990 adequate samples of fishing were obtained for no 
subadults and only one female with young. Therefore, 
statistical comparisons were made for the remaining 
age-sex classes each year. Results indicated no 
significant difference in fish capture rates among classes 
in either 1988 or 1989 (1988: H = 4.62, df = 2, £ = 0.202; 
1989: H = 3.02, df = 2, £ = 0.389). In 1990 a significant 
difference between large adult males and other adult 
singles was indicated (Fligner-Policello ~ = 7.88, ns = 9 
Ilm = 3, £ < 0.025). 
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To determine general trends in fish capture rates as 
fish availability increased across years, data were pooled 
across individuals in each of the four age-sex classes. 
These rates were summarized for both Zone 6 and Zones 3, 
4, and 5. In Zone 6, fish capture rates among some 
classes increased dramatically with greater availability 
of fish, but not in other classes (Fig. 4). Large adult 
males and a female with one yearling showed the highest 
fish capture rates and the most noticeable increases over 
previous years. In Zones 3, 4, and 5 fish capture rates 
in all classes responded similarly to fish availability 
among years (Fig. 5). All classes showed increases in 
fish capture rates between 1990 and 1988-1989; females 
with young and subadults showed similar fish capture rates 
that were somewhat lower than other bears. 
Consumption of Salmon.--In both 1988 and 1989 bears 
consumed most fish caught with minimal discarding of 
less-preferred parts (Table 2); large adult males 
appeared to be somewhat more selective than other bears, 
leaving an average 10% of each fish caught. In 1990, when 
fish capture rates were much greater, high-grading by 
large males remained at a level similar to 1988-1989. 
Females with young continued to consume a high percentage 
of all fish caught, while increased feeding selectivity 
was observed by other age-sex classes. 
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Estimates of the quantity of fish caught and consumed 
per bear fishing hour were derived for individual bears 
and summarized as ranges (Table 3) by age-sex class. 
These rates represent use across all river zones, and as 
in other comparisons of fish capture rates, only bears 
with more than 60 fishing minutes were included. 
August-September 
Analyses included about 862 observation hours 
recorded between August 26 - October 12, 1988-1990. 
Approximately 1764 bear-hours of activity were observed 
and focal observations were made during 476 of those bear 
hours. As in July, differences in fish availability among 
years were noted, and data were therefore analyzed 
separately for each year. 
Salmon Availability.--Salmon began spawning in Brooks 
River during August and the carcasses of spawned-out 
salmon became available to bears late in the month. A 
small Coho salmon (Oncorhynchus kisutch) run the first 
week of September attracted a few bears to Zone 6; 
however, the majority of bear activity was concentrated 
downriver in Zones 3, 4, and 5. Consequently, bears fed 
largely on dead salmon (89.8%) during the fall. The large 
accumulation of dead salmon in the river was accompanied 
by a substantial increase in total fish capture rates over 
those observed during June-July each year (1988: 15.4 f/fh 
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vs. 1.8 f/fh, 1989: 12.2 f/fh vs. 2.8 f/fh, 1990: 19.4 
f/fh vs. 7.8 f/fh). 
overall fish capture rates in 1990 appeared higher 
than those observed 1988-1989. A comparison of fish 
capture rates by adult single bears among years indicated 
a significantly higher rate in 1990 than in 1988 and 1989 
(fl= 7.31, df = 2, £ = 0.026; D.ss = 6 D.s9 = 6 Ilw = 6, 1989 
vs. 1990 Fligner-Policello ~ = 6.25 £ < 0.025, 1988 vs. 
1990 = 1.21 £ > 0.200, 1988 vs. 1989 = 1.42 £ > 0.200). 
As was the case for June-July, across years capture rates 
showed a trend similar to escapement totals. 
Fish capture rates appeared higher in Zones 3 and 4 
than in Zone 5 each year (Fig. 6). During the fall focal 
samples were not collected for all bears observed during 
an observation session; consequently, direct comparisons 
of the total number of fish caught in each zone would not 
be meaningful. Fish capture rates were therefore examined 
to compare fish availability among zones. Visual 
inspection of the seasonal patterns of fish capture rates 
indicated a high degree of similarity between years; data 
were therefore pooled across the three years. A Poisson 
model of bear fish capture rates summarized by 4-day 
sample periods for each zone across years showed a 
significant interaction between zone and sample period(£ 
= 0.010). Examination of the residuals of the model 
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indicated that the lack of fit was estricted to two 
sample periods; fish capture rates showed an otherwise 
similar pattern of gradual increase in each zone through 
the fall. Rates in Zone 5 were consistently lower than 
those in Zones 3 and 4. Mean rates (~±SE) were 18.1 
fish/fishing hour in Zone 3, 18.1 f/fh in Zone 4, and 11.4 
f/fh in Zone 5. 
Age-Sex Class Composition.--Each year the number of 
individual bears observed using the river was higher in 
the fall than during June-July. The number of adult 
single bears observed (including large males) during the 
fall increased over that seen in July; however, there was 
a decline in that increase each year (percent increase 
from June-July to Aug-Oct: 1988 = 54.5%, 1989 = 22.2%, 
1990 = 0%). The number of females with young observed 
consistently increased by one or two individuals between 
June-July and August-October each year. 
During the fall fluctuations in the age-sex 
composition were largely attributable to changes in the 
number of subadults observed (Table 4). Only five 
subadults were seen in 1989, as compared to 10 individuals 
in 1988 and 14 individuals in 1990. The low number of 
subadults observed in 1989 coincided with the highest 
number of adults identified in any year. 
Comparisons of age-sex class composition of bears 
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identified with bear minutes recorded indicated several 
disparities (Table 4). In 1989 adult bears of unknown sex 
appeared underrepresented in terms of use; this was again 
expected given that most of these individuals were only 
observed for short periods of time. In 1990 the use level 
of adult males also appeared lower than expected given the 
number of individuals observed (22.2% bears observed vs. 
11.9% bear min recorded). 
To determine whether any age-sex class was 
underrepresented in terms of use, differences between 
percent composition and percent bear minutes were 
calculated for each class by year; a comparison was then 
made between age-sex classes with three observations, one 
per year, for each class. A significant difference among 
classes was indicated (Kruskall-Wallis fl= 6.64, df = 3, £ 
= 0.085). Females with young, followed by large adult 
males, used the river at a higher level than expected 
given the number of individuals observed. Both adult 
single bears and subadults showed significantly less use 
relative to number of individuals observed as compared to 
females with young (n = 3 for each class, females with 
young vs. adult singles Fligner-Policello ~ = 2.35 £ < 
0 . 100, females with young vs. subadults ~ = 2.35 £ < 
0.100, singles vs. subadults ~ = 0.15 £ > 0.200, singles 
vs. large males Q = 0.98 f > 0.200, subadults vs. large 
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males Q = 0.98 E > 0.200). 
Distributions of Use ]2y Class.--As in July there was 
considerable variation between individual bears in 
distribution of use among the three lower river zones. 
There appeared to be more consistency in the patterns of 
use by individual bears across years than between 
individuals within an age-sex class (Fig. 7). 
Since fish capture rates were higher in Zones 3 and 4 
than in Zone 5, a comparison was made of percent use of 
Zone 5 and Zones 3 and 4 by each age-sex class each year. 
These comparisons suggested no significant differences 
among classes in distribution of use between the two areas 
(1988: H = 3.31, df = 3, E = 0.347; 1989: H = 3.08, df = 
3, E = 0.380; 1990: H = 5.61, df = 3, E = 0.133). 
Fish Capture Rates ]2y Age-Sex Class.--During the fall 
bear activity was more dispersed across zones than in 
July, due to the number of places in which dead salmon 
accumulated. For this reason, and because fish capture 
rates were relatively high in all zones, comparisons of 
fish capture rates by age-sex class were made using the 
combined rates from all observation zones. 
Large adult males fished at a higher rate than other 
bears in all three years of monitoring (Fig. 8). However, 
comparisons of fish capture rates (summarized across all 
zones) indicated a significant difference among classes 
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only in 1990 (1988: tl = 3.36, df = 3, £ = 0.340; 1989: tl = 
1.32, df = 3, E = 0.724; 1990: ti= 6.92, df = 3, E = 
0.075). Further comparisons between the different age-sex 
classes in 1990 were not made as a minimum of three 
individuals is required in each group to obtain 
significance. 
Consumption of Salmon.--A higher degree of feeding 
selectivity was observed during the fall than in July. 
Bears often discarded portions of fish; the skin and 
brains appeared to be most frequently consumed, followed 
by the anterior and midsection. Selectivity appeared 
greatest in 1990 when fish capture rates were highest 
(overall percent consumed: 1988 = 74.8%, 1989 = 78.9%, 
1990 = 64.7%; Table 5). Subadults and large adult males 
consumed the lowest percentages of fish each year. 
Estimates of the quantity of fish caught and consumed 
per bear hour spent fishing were derived for individuals 
bears and summarized as ranges (Table 6) by age-sex class. 
Rates were calculated across all zones, and as in other 
comparisons of fish capture rates, only bears with more 
than 60 fishing minutes were included. 
DISCUSSION 
Distributions of Use by 
Age-Sex Class 
While some generalities can be made by age-sex class, 
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there were noticeable individual differences in the degree 
to which bears used each zone. Olson (1993a, 1993b) 
addresses some of these individual differences by 
examining them in relationship to differences in tolerance 
of close proximity with people. 
June-July.--The greater percentages of time spent by 
females with young and subadults in the zones below Brooks 
Falls relative to other adult bears could be a response to 
the density of bear activity at the falls. Large males 
and other adult bears appeared to concentrate most of 
their activity in Zone 6, even as fish availability 
increased downriver in 1990. Bear activity in the other 
zones was therefore much lower and more dispersed. 
Avoidance of concentrations of bear activity by 
females with young was suggested by Egbert (1978). He 
observed lower use of McNeil Falls by females with young 
during the second year of his study when fish availability 
in other areas appeared higher; the decline in use was 
i nterpreted as a preference by females with young for 
areas with a lower density of bear use. stonorov and 
Stokes (1972) similarly observed avoidance of the falls by 
females with young. 
Two separate incidents of infanticide were observed 
at Brooks River (Olson 1993c), both in Zone 6, so it is 
clear that females with young who use Brooks Falls 
incurred some risk in doing so. Other incidents of 
infanticide by adult males have also been described 
(Troyer and Hensel 1962, Dean et al. 1986). 
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Another factor that may have contributed to females 
with young choosing areas away from concentrated bear use 
was the mating season. Bears were observed mating in the 
Brooks River area through about July 10. Increased 
intraspecific aggression during the breeding season has 
been reported by several authors (Hornocker 1962, Egbert 
1978), and avoidance of other bears by females with young 
has been specifically noted (Gebhard 1982, Stelmack 1981). 
August-October.--No consistent distributions of 
activity among zones within age-sex class were observed 
during the fall, although consistencies were noted for 
certain individuals observed across several years. 
Specific avoidance of conspecifics by any age-sex class 
was not apparent. 
Egbert (1978) reported a decrease in agonistic 
behavior, and an increase in play bouts and amicable 
social encounters with increased salmon availability the 
second year of his study. Increased tolerance of 
conspecifics may have occurred in the fall at Brooks River 
as well; increased tolerance would explain the decrease in 
apparent avoidance of other bears as compared with 
June-July. 
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Also, although certain locations within each 
observation zone appeared to be preferred for fishing, 
fish carcasses were much more widely distributed than in 
June-July so there were far more places for bears to 
readily obtain fish without the close interactions 
characteristic of fishing in Zone 6 during June-July. 
While the scale at which observations were made does not 
allow quantitative evaluation of this hypothesis, field 
notes indicate that there was little apparent avoidance of 
other bears by females with young or subadults even within 
preferred fishing sites in each zone. Barnes (1990) 
similarly reported tolerance of adult males by other bears 
including females with young frequently within close 
proximity. The time of year during which these 
observations were made was not indicated; however, a 
tendency for females with spring cubs to maintain a 
distance from other bears was noted between 
July-September, so tolerance of males by maternal females 
was presumably a late-season phenomenon. 
Fish Capture Rates by Age - Sex Class 
June-July.--A significant difference among age-sex 
classes in rates of fish capture was observed only in 
1990, when fish availability to bears was substantially 
higher than the previous two years. In Zone 6 all classes 
except subadults showed an increase in fish capture rate 
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in 1990. The lack of increase by subadults was probably 
due to their apparent inability to gain access to the 
preferred fishing spots; subadults were only occasionally 
observed for short periods of time fishing in the three 
areas preferred by adults for fishing. Luque (1978) and 
Egbert (1978) also noted that young bears were relegated 
to the less desirable fishing sites at McNeil Falls. 
Downriver of Zone 6, where bears fed primarily on dead 
salmon and activity was more dispersed, all classes showed 
an increase in catch rates. 
That a significant difference among classes in Zone 6 
was only observed in the year that many more fish were 
available to bears suggests that age-sex class may 
contribute to an ability to acquire and hold a fishing 
spot at the falls (e.g., Egbert 1978, Luque 1978), but may 
not be strongly correlated with fishing skill. · Presumably 
if skill was a significant factor in determining capture 
rates, then large adult males should have maintained 
significantly higher rates of fish capture in all years. 
This conclusion is contrary to that made by Luque (1978); 
he observed that young bears were less efficient at 
capturing fish than were older bears even when fishing at 
the same site. It should, however, be noted that although 
differences among classes were not significant in 1988 and 
1989, large adult males did show consistently higher 
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overall rates of fish capture in Zone 6 than did other 
bears each year. 
Variability in salmon movements could also account 
for the lack of difference in fish capture rates observed 
among age-sex classes in 1988 and 1989. The appearance of 
large groups of migrating salmon in the river appeared to 
be directly related to commercial fishing operations in 
Bristol Bay. Large groups of migrating salmon were most 
commonly observed in Brooks River a few days after 
commercial fishing closures were in effect; the presence 
of large numbers of fish in the river was therefore quite 
variable. Bears may then have been fishing in a situation 
where the number of salmon migrating through the river was 
both highly variable and unpredictable. Samples of 
fishing by different individuals may represent rates 
during periods differing in the density of salmon moving 
upstream, and this could mask any differences in skill 
level between age-sex classes. In 1990 when the salmon 
escapement and fish mortality in the river were much 
higher, movements of fish through the river may have been 
more constant. Consequently, bears would have been 
fishing during periods more similar in salmon 
availability. 
While age-sex class did not appear to play a 
significant role in determining fish capture rates in two 
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of three years, it did appear to affect the degree to 
which individual bears used Zone 6. Therefore, in 1988 
and 1989, when fish capture rates downriver of the falls 
were relatively low, these two classes of bears were 
likely not obtaining as many fish as either large adult 
males or other adult singles. For females with young, 
this was despite their dominance status. Given the 
increase in salmon availability downriver of the falls 
(Zones 3 and 4) in 1990, females with young and subadults 
were probably able to obtain more fish in that area than 
they were the previous two years. However, to utilize the 
large accumulations of salmon available in Zones 3 and 4, 
tolerance of people was clearly necessary (Olson 1993b). 
Downriver of the falls differences in fish capture 
rates among age-sex classes were not consistent across 
years. In Zones 3, 4, and 5, acquiring salmon appeared 
more a function of time spent in that area at large than 
fishing a specific location. Few dead salmon were 
available and obtaining fish was largely opportunistic; a 
few bears were able to obtain live fish in the rapids area 
of Zone 5, but availability of fish to bears in that area 
appeared highly variable. 
August-October.--During the fall large adult males 
and females with young fished at consistently higher rates 
than other bears, but differences among classes were again 
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significant only in 1990. One large adult male (Bear #3) 
who specialized in diving for fish was largely responsible 
for the significant difference indicated that year. Since 
dead salmon tended to accumulate on the bottom of the 
river , diving was a particularly effective fishing 
technique. Interestingly, Bear #3 was the only bear 
observed diving on a regular basis. 
Large numbers of dead salmon accumulated in the river 
during the fall, so bears had much easier access to them 
than in July. It appeared that bears were able to obtain 
fish at a high rate regardless of age-sex class, although 
as noted by Olson {1993a, 1993b), tolerance of people had 
some effect on which zones a bear used. Bears appeared to 
gain access to fish regardless of age-sex class, 
underscoring the significance of the resource during the 
fall. Bears unable to obtain many fish during July had 
apparently easier access to them during September-October. 
Energetic Value of Salmon to Bears 
The energetic value of a sockeye salmon was estimated 
using data compiled from other sources (Table 7). Caloric 
values decline dramatically over the spawning period 
(Brett 1980), and estimates were therefore calculated 
separately for prespawned and postspawned salmon, roughly 
corresponding with bears feeding on salmon in June-July 
and August-October, respectively. The energy value of a 
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prespawned salmon to a bear (4452 kcal) was estimated to 
be more than three times that of a week-old spawned-out 
salmon carcass {1315 kcal). 
Since only limited data exist regarding metabolic 
rates in brown bears and the existing data are restricted 
to the denning period, basal metabolic rates (BMR) of 
different age-sex classes were estimated using a 
predictive equation for basal metabolism developed by 
Kleiber {1975). Watts et al. {1991) measured basal 
metabolic rates in several subadult polar bears (Ursus 
maritimus) and found them to be similar to those estimated 
by Kleiber's formula, further justifying its use as a 
reasonable estimator. Body weights of peninsular brown 
bears used in the calculations were obtained from a 
separate study (R. A. Sellers, Alas. Dep. Fish and Game, 
unpubl. data, 1988-1989); these weights were grouped into 
three classes: {l) subadults, (2) adult females, and (3) 
adult males. No data exist regarding energetic costs 
above BMR for bears, so a gross estimate of activity costs 
(1.33 X BMR; Moen 1973) was used. 
The energetic requirements of females with young 
could not be readily estimated from body weight. Daily 
costs of supporting young would obviously vary depending 
upon lactation stage {Gittleman and Oftedal 1987). At 
mid-lactation, the energy content of brown bear milk was 
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reported as 2.2 kcal/g (Gittleman and Oftedal 1987). 
Sizemore (1980) estimated that over a spring to fall 
period the total maintenance costs for a female with three 
cubs that he monitored during his study was more than 
twice that of three other single bears. Of course at 
salmon streams such as Brooks, older cubs are able to pick 
up some dead salmon for themselves, thereby reducing the 
demands upon the female. 
The minimum daily energy requirement estimates ranged 
from 2205-9492 kcal/day (Table 8). It should, however, be 
emphasized that the estimates presented here are based on 
several approximations, and that estimates of energetic 
requirements are minimum, that is they do not include 
costs of growth and reproduction. For bears this point is 
particularly important since they must not only obtain 
food for all the activities mentioned above, but must also 
amass body fat adequate to maintain them through a denning 
period of about five to six months and through a variable 
period following re-emergence the next spring. Bunnell 
and Hamilton (1983) reported weight gains of 0.51 and 0.63 
kg/day for their captive bears over a period of about six 
months, and they calculated weight gains for a 
free-ranging male grizzly bear feeding primarily on 
berries as 0.41 kg/day over 126 days. Nelson (1980) 
reported that during the late fall hyperphagic period 
grizzlies have been observed to consume more than 20,000 
kcal per day. 
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A comparison of the range of fish consumption rates 
presented in Tables 3 and 6 with the BMR requirements 
estimated in Table 8 indicates that many bears could, on 
average, meet at least minimum daily energetic 
requirements by fishing 1-2 hours during June-July and an 
hour during the fall. It should be emphasized, however, 
that these are estimates and are based on averages. The 
actual number of fish a bear was able to obtain varied 
through the season, depending upon the individual's 
ability to gain access to a site where fish were 
potentially accessible, and also upon the density of 
salmon within that site. 
The energy value of salmon to bears appears 
exceptionally high; a single salmon during July could 
supply at least half the daily minimum BMR requirements of 
an individual bear. Correction factors for bear fecal 
analyses, which relate the volume of fecal residue to the 
weight of ingested dry matter, illustrate the high 
digestibility of fish relative to other, sometimes less 
accessible food sources. Hewitt (1989) reported 
correction factors for vegetation, berries, roots, and 
insects, that ranged from as 0.16-12.50, as compared to a 
correction factor of 40.82 for fish. In the Brooks River 
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area, berries and meat represent the only other highly 
digestible food sources with relatively high caloric 
content. Salmon appeared far more available than these 
food sources, particularly since berries were only 
available for a limited period of time compared to salmon. 
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Table 1. The age-sex composition of bears observed at Brooks River, June 26 - July 
29, 1988-1990; the percent total bear minutes is also indicated for each class. 
1988 1989 
Age-Sex Class n % n % mins n % n % mins 
Large Adult Male 3 15.8 19.8 4 15.4 16.3 
Female/Cubs• 2 10.5 8.8 1 3.8 7.4 
Female/Yearlingsb 2 10.5 10.5 2 7.7 10.8 
Adult Male 4 21.1 35.2 6 23.l 31.4 
Adult Female 2 10.5 17.7 5 19.2 15.3 
Other Adult Single 2 10.5 0.2 3 11. 5 0.5 
Subadult 4 21.1 7.8 5 19.2 18.2 
Totals 19 26 
•Total number of cubs: 1988 = 6, 1989 = 2, 1990 = 4 
bTotal number of yearlings: 1988 = 3, 1989 = 6, 1990 = 1 
1990 
n % n % mins 
4 16.7 19.5 
2 8.3 7.2 
1 4.2 6.0 
8 33.3 29.2 
4 16.7 23.3 
0 0 0 
5 20.8 14.8 
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Table 2. Summary of fish caught and proportions consumed by each age-sex class, June 
26 - July 29, 1988-1990. 
1988 1989 
Class Caught Cons. caught Cons. ~ 0 
Subadults 11.00 11.00 100.0 40.00 39.50 98.8 
Adult females 61.50 60.75 98.8 57.00 55.00 95.5 
Adult males 157.00 148.00 94.3 127.25 120.75 94.9 
Females/young 51.25 50.50 98.5 48.50 43.50 89.7 
Caught 
45.50 
91.50 
94.00 
23.50 
1990 
Cons. % 
31.50 69.2 
69.00 75.4 
74.25 79.0 
23.50 100.0 
Large males 109.00 97.50 89.4 100.00 90.25 90.2 137.25 123.00 89.6 
Table 3. Quantities of fish captured and consumed 
expressed as the number of fish caught per hour spent 
fishing over all zones. Data are presented as separate 
rangesa by age-sex class for June-July, 1988-1990; the 
number of individual rates included is indicated in 
parentheses. 
Age-Sex Class 1988 1989 1990 
Subadults 0.6-2.3 ( 2) 2.4-4.7 ( 2) 4.7 
Adult females 1.2-2.5 ( 2) 1.8-4.7 ( 3) 3.3- 8.2 
Adult Males 1.3-2.2 (3) 0.5-2.8 (5) 3.2- 8.6 
Females/Young 1.6-4.2 ( 3) 1.8-4.0 ( 3) 8.2- 8.5 
Large Adult Males 1. 9-2. 7 ( 3) 1.6-4.6 (3) 9.6-15.4 
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(1) 
( 3) 
(5) 
( 2) 
( 3) 
"Rates are presented for individuals observed fishing 
for more than one hour. 
Table 4. The age-sex composition of bears observed at Brooks River, August 26 -
October 12, 1988-1990; the percent total bear minutes is also indicated for each 
class. 
1988 1989 1990 
Age-Sex Class n % n % mins n % n % mins n % n % mins 
Large Adult Male 4 12.1 15.7 5 16.1 20.0 4 11.4 12.0 
Female/Cubs" 2 6.1 11. 2 2 6.5 10.5 3 8.6 15.9 
Female/Yearlingsb 4 12.1 10.2 2 6.5 12.3 2 5.7 8.6 
Adult Male 6 18.2 14.2 7 22.6 21. 5 7 20.0 11. 9 
Adult Female 5 15.1 21. 6 5 16.1 16.4 5 14.3 14.5 
Other Adult Single 2 6.1 4.0 5 16.1 1.8 0 0 0 
Subadult 10 30.3 23.1 5 16.1 17.5 14 40.0 37.1 
Totals 33 31 35 
Table 4 continued on next page. 
Table 4 continued 
•Total number of cubs: 1988 = 6, 1989 = 3, 1990 = 7 
bTotal number of yearlings: 1988 = 8, 1989 = 6, 1990 = 4 
~ 
0 
Table 5. Summary of fish caught and proportions consumed by each age-sex class, 
August 26 - October 12, 1988-1990. 
1988 1989 1990 
Class Caught Cons. % Caught Cons. % Caught Cons. ~ 0 
Subadults 120.00 87.50 72.9 155.00 110.75 71.4 127.50 71.25 55.9 
Adult females 179.75 135.75 75.5 123.50 106.00 85.8 137.50 109.00 79.3 
Adult males 173.50 131.75 75.9 230.50 181.00 78.5 146.25 98.50 67.4 
Females/young 124.00 97.00 78.2 218.00 184.50 84.6 281.25 183.25 65.2 
Large males 166.25 118.75 71.4 350.00 267.75 76.5 275.75 164.75 59.7 
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Table 6. Quantities of fish captured and consumed 
expressed as the number of fish caught per hour spent 
fishing over all zones. Data are presented as separate 
ranges by age-sex class for August-October, 1988-1990; the 
number of individual rates included is indicated in 
parentheses. 
Age-Sex Class 1988 1989 1990 
Subadults 10.3-12.6 ( 2) 7.6- 8.2 ( 3) 5.8-11.2 (4) 
Adult females 9.8-11.4 ( 3) 6.4- 9.2 ( 3) 10.0-15.0 ( 3) 
Adult Males 6.9-10.2 ( 3) 8.2-13.2 (3) 9.2-12.8 ( 3) 
Females/Young 13.8-19.2 ( 3) 8.2-12.9 (4) 10.6-14.4 (4) 
Large Males 8.6-17.6 ( 2) 9.3-12.1 ( 3) 13.8-18.6 ( 2) 
"Rates are presented for individuals observed fishing 
for more than one hour. 
Table 7. Energy value of sockeye salmon to brown bears. Estim a t e s for 
September-October ar e given as a range (energy content of salmon after spawning 
[minimum] and before spawning [maximum]). 
Energy content of mature salmon (kcal)" 
Efficiency of digestionb = 94.49% 
Digestible energy per salmon (kcal) 
July 
4712 
4452 
Sept-Oct 
1392 c-199lc 
1315-1881 
"Energetic estimates from Brett (1980) were used to estimate the energy content 
of a Bristol Bay sockeye salmon (K wt= 2540 g, Alas. Dep. Fish and Game, unpubl. 
data, 1984) . 
bEnergy value of cutthroat trout from Pritchard and Robbins (1990). 
csince bears fed largely on decaying salmon during the fall, values following 
decomposition were calculated. Stalmaster (1981) estimated energy loss as 1.1% per 
day; one week's decomposition was assumed for estimates presented here. 
Ul 
w 
Table 8. Estimated energy requirements of different age-sex classes of brown bears.• 
Age-sex Classb 
Adult Females 
Adult Males 
Subadults 
Body Weight c 
(kg) 
129.3-288.0 
15 4 .2-476.3 
68.0-156.5 
(kcal/day) 
2684-4894 
3063-7137 
1658-3097 
"Data are presented as ranges. 
Activity Cost 0 Salmon Required per Dayr 
(kcal/day) 
3570-6509 
4074-9492 
22 ..,- 4119 
June-July 
0.8-1.5 
0.9-2.1 
0.5-0.9 
Sept-Octc 
1.9-4.9 
2.2-7.2 
1. 2-3. 1 
bsince bears at Brooks River were classed on the basis of physical appearance and 
behavior, categories are presented here with bears ~4.5 years considered adults, and 
bears 2.5 - 3.5 years grouped as subadults. 
Table 8 continued on next page. 
Table 8 continued. 
0
Ranges are of weights in late May and early July at Black Lake (1988) on the 
Katmai coast (1989) (R. A. Sellers, Alas. Dep. Fish and Game, unpubl. data, 
1988-1989). 
dOnly limited data exist regarding brown bear metabolic rates; these data are 
also specific to the denning period. Basal metabolism was therefore estimated using a 
predictive equation developed by Kleiber (1975): 70 X (body weight (kg))~. 
cNo data are available regarding activity costs above basal metabolic rate for 
brown bears; a gross approximation was made for normal activity as: 1.33 X BMR (Moen 
1973). This estimate does not account for growth or reproduction. 
'Based on the estimated activity costs and estimates of sockeye salmon energetic 
returns given in Table 7. 
'Estimates were calculated using both minimum and maximum estimates of salmon 
energetic return given in Table 7. 
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Figure 1. Location of Brooks River in Katmai National 
Park and Preserve. 
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Figure 2. The total fish capture rates recorded by zone 
and year, June 26 - July 29, 1988-1990. Total fishing 
hours are indicated above each bar in the histogram. 
Escapement totals are also indicated (from Div. Comm. 
Fish., Alas. Dep. Fish and Game, unpubl. data). 
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Figure 3. The total rates of activity recorded for 
individual bears identified June-July, 1988-1990, grouped 
by age-sex class. Total rates are subdivided by 
observation zones. 
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Figure 7. The total rates of activity recorded for 
individual bears identified August-October, 1988-1990, 
grouped by age-sex class. Total rates are subdivided by 
observation zones. 
., 
C 
:E 
i':' <II 
·;; .0 
0 0 
<( 0 
;;; I-
Ill <II 
Cl C 
0 ~ 
2 ... ~ 
~ Ill 
a: Cl 
0 
t:. 
., 
C 
i':' i 
:~ <II .0 
0 0 
<( 0 ;;; I-
Ill 
Cl <II 
0 .s :;;; 
2 ;;; 
"' a: Ill Cl 
0 
t:.. 
., 
C 
i':' ~ 
1 <II .0 
u 0 
<( 0 
.. I-~ 
-
Ill 
Cl <II C 
0 :E 
2 .. 
"' 
~ 
a: Ill Cl 
-0 
t:.. 
1900 
0 .3 -.-------------------------,-------,-----, 
Subadulls /\dull Singles Families Lg. Males 
(a) 
0.2 
t l1 111 151 1s, ISi 1&2 110 111 IIJ ISJ 114 1 11 IS4 155 1&4 1 I 151 !St 1&o U>l 7 IJ 31 ISO 111 1&1 J 11 1) IU 
lerN>les rN>les 
Individual ldcnlilricatlon Numbers 
1989 
0 .3 ...------.------------------.------.------, Families Lg. Males Subadulls Adult Singles 
(b) 
0.2 
0.1 
22 2 0 32 33 34 36 3 7 42 49 47 27 JI 3 6 43 45 2 5 9 JS 41 44 40 I 7 I J 39 J 15 2 1 2 3 4 6 
lem.1les_.._ ___ males 
Individual ldcntilllcation Numbers 
1990 
0 .3 ...... -----------------------...--------,-----, 
0.2 
Sul.Jadulls' /\dull Slnglos 
Individual ldcntilllcallon Numbers 
•A;,les ol aci lvily lor subi\dults are minimum figures; by lale In lhc season it was difficun lo 
dillerenliale between individuals. lherelo,e some subodull minutes were nol recorded 
lo lhe individual level. 
,~ Zona 5 lZ] Zono 4 O Zone 3 
Famlllos Lg. Malos 
(c) 
62 
.... 
:, 
0 
:x: 
Cl 
C 
.c 
Cl) 
u: 
.... 
Cl 
C. 
"O 
Cl 
.... 
:, 
-C. 
GI 
u 
.c 
Cl) 
u. 
-0 
.... 
Cl 
.Q 
E 
:, 
z 
30 
25 
20 
15 
10 
5 ,c 
• 
0 
1988 
Zones 3, 4, & 5: Aug. 26 - Oct. 12-----
Large Adult Males 
Females with Young 
1989 
Adult Singles 
-o-- Subadults 
1990 
63 
Figure 8. The total rates of fish capture recorded for 
each age-sex class, August 26 - October 12, 1988-1990, in 
Zones 3, 4, and 5. 
CHAPTER III 
HABITUATION AND BEHAVIORAL RESPONSES OF BROWN BEARS 
TO HUMAN ACTIVITY AND SALMON ABUNDANCE 
ON AN ALASKAN RIVER 
64 
ABSTRACT: A quantitative comparison of the behavior and 
distribution of brown bears was undertaken in sample areas 
representing different levels of human activity at Brooks 
River in Katmai National Park and Preserve 1988-1990. 
These observations were made to determine whether bear use 
of the river was being influenced by human activity, 
particularly whether human use was affecting bear access 
to salmon. Over the three years approximately 781 hours 
of systematic observations were made between June 26 and 
July 29, and 862 hours between August 26 and October 12. 
Adult bears were classified objectively as habituated, 
nonhabituated, or unknown based on their tolerance of 
people at <50 m. Distributions of these classes among 
river zones were examined in relationship to fish 
availability and human activity. The observation zones 
nearest Brooks Camp, receiving the greatest human 
activity, had significantly greater use by habituated 
bears than other areas. During the summer and fall 
sampling periods, habituated bears used areas of increased 
fish availability near Brooks Camp more than other bears. 
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Nonhabituated (43.3%) and unknown bears (26.9%) comprised 
between 61.5% and 77.3% of the adult bears observed across 
the study seasons and years; these bears appeared to 
respond more strongly to the activities of people than to 
fish availability. 
INTRODUCTION 
At Brooks River in Katmai National Park and Preserve 
(NPP), bears fish for migrating salmon from late June 
through July, and scavenge spawned-out salmon from late 
August through much of October. During June and July 
bears concentrate most of their activity at Brooks Falls, 
where live salmon are especially vulnerable to capture, 
but also fish in other parts of the river; during the fall 
bears disperse over the entire river to collect dead and 
dying fish. 
At the same time Brooks River receives considerable 
human use, particularly between late June and 
mid-September. To use the river bears must contend with 
aggregations of people and other bears. Brooks River 
visitation has increased from >5,350 visitor days in 1981 
to >10,750 visitor days in 1991 (D. C. Nemeth, Natl. Park 
Serv., unpubl. data). The potential for bear displacement 
by human activity has been identified as a specific 
management concern in Katmai NPP's General Management Plan 
(Natl. Park Serv. 1986a) and Bear Management Plan (Natl. 
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Park Serv. 1986b). 
Our objective in studying bear activity at Brooks 
River between 1988 and 1990 was to examine whether human 
activities had a depressive effect on bear use of the 
area, the specific concerns being whether human activity 
was affecting: (1) the relative time bears spent in 
different parts of the river, (2) levels of bear activity, 
and (3) bear access to salmon. 
Differences in tolerance of close proximity to people 
were apparent among the individual bears identified over 
the course of the study. We therefore grouped individuals 
according to their tolerance of proximity to people, and 
comparisons of use patterns were made on this basis. 
Human activity and salmon availability varied across the 
years of the study and provided an opportunity to evaluate 
the responses of bears to changes in these factors. 
STUDY AREA 
Katmai NPP is located on the northern portion of the 
Alaskan Peninsula (Fig. 1). The Naknek drainage, of which 
Brooks River is a part, comprises one of the four most 
productive salmon drainages in the region. 
Brooks River serves as a major migratory route and, 
to a lesser extent, spawning stream for sockeye salmon 
(Oncorhynchus nerka). The river is approximately 2.5 km 
in length, flowing from Brooks Lake into Naknek Lake, with 
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a 2-m high falls midway. The upper river is generally 
bordered by a forest cover of alder (Alnus spp.), spruce 
(Picea, sp.), birch (Betula sp.), and willows (Salix, 
spp.). Near the mouth of the river the banks are more 
open, supporting marsh areas. 
There are two main periods of bear activity at Brooks 
River. The first occurs during the first three weeks of 
July when large numbers of salmon pass through the river, 
most headed towards upper tributaries (Merrill 1964). 
Brooks River is the first river within the park at which 
significant numbers of salmon become available to bears. 
Bears gather at the 2-m high Brooks Falls, where fish are 
captured as they jump and school below the falls. The 
number of salmon moving up the river declines towards the 
end of July, when most bears move on to other food 
sources. 
Bear activity increases again along Brooks River at 
the end of August, and grows through September and 
October. This second "season" of bear activity far 
surpasses the bear activity levels of July (Troyer 1980a, 
Braaten and Gilbert 1987, Warner 1987a, Olson et al. 1990, 
Olson and Squibb 1990, Olson and Squibb 1991). Bears 
concentrate in the lower portions of the river during the 
fall as dead and dying, spawned-out salmon accumulate in 
backwaters, snags, and along the lakeshore. 
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Brooks River attracts many park visitors who come to 
fish, and to view and photograph bears. Brooks Camp, 
located on the north side of the river along the Naknek 
shoreline, provides facilities for park visitors and park 
and concessions employees (Fig. 1). The camp includes a 
lodge, visitor center, and park and concessions housing 
and support facilities. Beyond these buildings to the 
north is a 21-site campground. Brooks Camp is accessed by 
float planes and by boats, most originating in King 
Salmon, about 40 km to the northwest. The majority of 
planes land offshore from Brooks Camp and taxi to the 
shore at developed facilities. 
The main visitor season is from about mid-June 
through the first week of September. Brooks Lodge closed 
on September 10 between 1988 and 1990, and use of the 
river declined substantially following this closure. 
METHODS 
Data presented were collected from June 26 - July 29 
and August 26 - October 12, 1988-1990. Observations were 
taken only on the river from Brooks Falls down to the 
mouth on Naknek Lake. This area was divided into four 
zones (Fig. 1): 
Zone 6: Brooks Falls, to approximately 100 m 
downriver, to the beginning of the rapids. 
Zone 5: The Cutbank, from the beginning of the 
rapids below Brooks Falls to the upriver end of 
the Oxbow marsh. 
Zone 4: The Oxbow, from the upper end of the 
Oxbow marsh to the pontoon floating bridge. 
Zone 3: The river mouth, from the pontoon 
footbridge to Naknek Lake. 
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Observers viewed Zone 6 from the public viewing platform, 
Zone 5 from a 3-m tree stand on the south side of the 
river atop a 3-m eroding bank, and Zones 3 and 4 
simultaneously from a 4-m tower of scaffolding. This 
tower was located on the south side of the river at the 
bridge in 1988, and on the north side of the river 
directly opposite its original location in 1989 and 1990. 
Comparisons of data collected from both locations showed 
no apparent effect on total bear minutes observed. 
Sampling of bear activity from the Brooks Falls platform 
was discontinued each fall because bear use of the river 
shifts markedly towards the river mouth during this time. 
Observation sessions were scheduled systematically; 
the sampling regime produced balanced coverage through all 
daylight hours (June-July: 0600-2200 hr; Sept-Oct: 
0800-2200 hr) and across all observation zones within a 
consecutive number of days. Approximately 781 hours of 
observation time recorded between June 26 and July 29, 
1988-1990, and 862 hours recorded between August 26 -
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October 12, 1988-1990, were included in the analyses. 
Records of identifying characteristics of individual 
bears were maintained, and each bear was assigned an 
identification number. Many bears were recognized between 
study years (38% [19/50] of all bears seen regularly using 
the river); however, changes in physical appearance may 
have precluded reidentification of some individuals. 
Each individual bear was classified as habituated, 
nonhabituated, or unknown. Habituation was defined as 
consistent tolerance of people at 50 m or less with no 
noticeable change in behavior. Bears observed on greater 
than two separate occasions using the river were defined 
as regularly using the river; only these individuals were 
included in statistical analyses. 
Complete record sampling (Slater 1978) and focal 
sampling (Altmann 1974) were used to record information 
regarding bear activity; scan sampling was used to sample 
human activity (Altmann 1974). 
Arrival and departure times and individual identities 
were recorded for all bears seen during an observation 
session. Frequency of fish capture and duration of 
fishing and consumption were also recorded for a subsample 
of the individuals using the monitored area. Since 
portions of dead salmon were retrieved by bears, these 
were recorded to the nearest quarter. 
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The total number of people present within the 
observation zone was recorded at 10-minute intervals 
throughout the observation session. During each 10-minute 
period the number of engine sounds (and other loud 
disturbances) was tallied. 
Seasonal activity patterns were summarized using 
consecutive-day sample blocks, corresponding with the 
sampling regime. During June-July 1988 two observers 
recorded data, while one observer recorded data in 1989 
and 1990. Consequently, the number of days required to 
sample all time periods and zones differed between years, 
and seasonal summaries reflect that difference. Data were 
therefore summarized separately for each year. 
Sampling intensity during the fall was similar 
between years, and data were summarized using the same 
consecutive-day sample blocks for each year. Visual 
inspection of the distribution of use by bears and people 
across the fall sample period showed remarkable similarity 
between years; fall seasonal use patterns were therefore 
summarized across the three years. 
Observed levels of bear activity (total bear minutes 
[tbm]) and human activity (total people [tp]) are reported 
as rates calculated using total sample minutes (tom) or 
scans (ts) as the divisor. Because total sample times 
between zones and years differed somewhat, percent use 
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figures by zone were derived using the activity rates, 
which adjust for sample time. 
Fish capture rates (i.e., fish caught per fishing 
hour [f/fh]) were derived from the individual bear fishing 
data, using total fishing hours (fh) as the divisor. A 
minimum sample size of 60 fishing minutes was required for 
an indi victual bear to be included in statistical an'alyses 
of fish capture rates where individuals were used as 
sampling units. 
The few data sets large enough to compare 
distributions and variances showed relatively similar 
non-normal distributions. However, many data sets were 
too small to adequately evaluate these characteristics. 
Therefore, standard nonparametric data analysis procedures 
were applied to the data (Zar 1984), and pair-wise 
comparisons were made using a test robust to differences 
in variance. A Kruskall-Wallis one-way layout was used to 
assess differences in activity rates and arrival dates 
among habituation classes. Planned comparisons of 
activity rates were made using pair-wise modified 
Mann-Whitney-Wilcoxon t tests (Fligner and Policello 1981; 
Day and Quinn 1989) if the Kruskall-Wallis test proved 
significant. A Poisson model (Frome 1983, Baker 1985) of 
fish capture rates was used to evaluate differences in 
fish capture rates between zones through the fall sample 
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period. Proportions of habituated and nonhabituated bears 
observed across years were compared using log-likelihood Q 
tests with Yates' correction for continuity. £ ~ 0.100 
was considered significant; all tests were 2-tailed. 
RESULTS 
Our observations suggested that many subadult bears 
could be described as habituated; however, we observed 
more variability in their responses to people than those 
exhibited by habituated adults. Braaten and Gilbert 
(1987) found subadults to be less habituated to people 
than adult bears, which may in part explain the variable 
behavior we observed. Since tolerance of people could not 
be reliably assessed for many subadults, these bears were 
not included in comparisons by habituation class. Olson 
(1993a) described the activity patterns of subadults 
observed during this study. 
June-July 
Fish Capture Rates.--During 1988 and 1989 salmon were 
most accessible to bears in Zone 6 (Brooks Falls), as they 
jumped the falls and schooled below it. The total number 
of fish caught by bears in Zone 6 was substantially 
greater than in the other three zones during both 1988 and 
1989, illustrating the difference in salmon availability 
to bears between zones those two years (total fish caught 
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Zone 6: 1988 = 333.25, 1989 = 348.00; total fish caught in 
Zones 3, 4, and 5: 1988 = 66.25, 1989 = 40.75). 
Fish capture rates were much higher in 1990 than in 
the previous two years (Fig. 2). This increase was at 
least partly due to an increase in the salmon escapement 
that year: from 1.0 and 1.2 million in 1988 and 1989, to 
2.1 million in 1990 (Alas. Dep. Fish and Game, unpubl. 
data). Also, salmon mortality appeared greater in 1990 
than in the previous two years. Dead salmon were 
frequently observed drifting downriver from Zone 6 (Brooks 
Falls) in 1990; this was only occasionally observed in 
1988 and 1989. The increased mortality resulted in an 
accumulation of salmon carcasses downriver in Zones 3 and 
4. In mid-July more than 160 carcasses were counted on 
the bottom of the river in Zone 3. Consequently, many 
more fish were available to bears using these areas than 
were available in the previous two years. The increase in 
fish availability to bears downriver of Zone 6 is also 
illustrated by the total number of fish caught in the two 
areas. In 1988-1989 13.6% (107/788.25) of all salmon 
observed caught were obtained downriver of Zone 6, as 
compared to 47.3% (277.50/586.50) in 1990. 
Human Activity.--The proportional distribution of 
human activity among the four observation zones appeared 
similar across years. overall, 52.6% of all human 
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activity was recorded in Zones 3 and 4, nearest Brooks 
Camp, 37.8% in Zone 6, and 9.6% in Zone 5. Use of Zone 6 
by people was limited almost exclusively to the falls 
viewing platform and access trail; no fishing by people 
was allowed 100 m above or below the falls, and visitors 
were required to view the falls from the platform when 
bears were present. Downriver of Zone 6 the distribution 
of human use was not regulated. Zone 5 was used primarily 
by anglers (88.7%), while use of Zones 3 and 4 was by both 
anglers (55.4%) and other visitors and staff (44.6%). The 
number of people observed during each scan averaged 7.8 
tp/ts in Zones 3, 4, and 5, and 9.3 tp/ts in Zone 6. 
Habituation Status and Distributions of Activity 
among Zones.--The same five habituated adult bears were 
observed each year, while the number of nonhabituated 
bears and bears of unknown human tolerance appeared higher 
in 1989 and 1990 than in 1988 (Table 9). Since only one 
adult bear was classified as unknown in 1988, comparisons 
of bear activity for that year were made only between the 
habituated and nonhabituated groups. 
Comparisons of use by habituated, nonhabituated and 
unknown bears in Zones 3, 4, and 5 (river below the falls 
where human activity was not restricted as at the falls 
viewing platform) indicated a significant difference 
between the habituated and nonhabituated groups in 1988 
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(Fligner-Policello ~ = 4.25, £ < 0.025), and a significant 
difference among the three groups in 1989 and 1990 (1989: 
Kruskall-Wallis H = 5.84, df = 2, £ = 0.055 1990: H = 
10.47, df = 2, E = 0.005). During all years nonhabituated 
bears used Zones 3, 4, and 5 significantly less than 
habituated bears, and during 1989 and 1990 unknown bears 
showed levels of use similar to those of the nonhabituated 
cohorts (Table 10; Fig. 9) . 
The same comparisons were made for Zone 6, where 
human activity was largely restricted to the falls trail 
and viewing platform. No significant differences in use 
were found in 1988 and 1990 {1988: ~ = 0.54, £ > 0.200; 
1990: H = 1.84, df = 2, £ = 0.399; Fig. 9a, c). In 1989 
the difference among groups in use of Zone 6 approached 
significance; unknown bears appeared to use that zone less 
than habituated and nonhabituated bears (H = 4.51, df = 
2, E = 0.105; F i g. 9b). 
Overall, nonhabituated bears spent fewer hours on the 
river than habituated bears in both 1988 and 1990, and 
unknown bears also used the river significantly less than 
the habituated cohort in 1990 (1988: ~ = 2.27, £ < 0.051; 
1990: H = 9.04, E = 0.011; Table 10). In 1989 total use 
was similar between habituated and nonhabituated bears, 
while unknown bears were seen on the river significantly 
less (1989: H = 5.67, df = 2, £ = 0.059; Table 10). 
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Increased availability of salmon in Zones 3, 4, and 
5, during 1990 resulted in a noticeable shift in 
distributions of use by habituated bears, but not by the 
nonhabituated or unknown cohorts (Fig. 9c). In 1990 
habituated bears used Zones 3 and 4 nearly three times as 
much as in 1988 and 1989, while use of these two zones by 
nonhabituated bears and unknown bears remained similar to 
that observed the previous year (Table 11). Consequently, 
of the bears who caught at least one fish, nonhabituated 
bears obtained significantly fewer fish than habituated 
bears (fl= 4.80, df = 2, E = 0.091; habituated vs. 
nonhabituated n = 2.89, E < 0.050; medians: habituated= 
57.2, nonhabituated = 17.5). Unknown bears also appeared 
to obtain less fish than habituated adults, although the 
difference was not significant (habituated vs. unknown n = 
1.313, E = > 0.100 nonhabituated vs. unknown n = 0.13 E > 
0.200; unknown median= 24.5). Since focal samples were 
collected along with virtually all bear minutes recorded 
during July, the differences could not be attributable to 
differential sampling of inaividuals. The disparity in 
fish obtained by nonhabituated bears was in contrast to 
the previous two years. In 1988 the two groups obtained 
similar numbers of fish, and in 1989 the nonhabituated 
bears obtained significantly more than the habituated 
group {1988: ~ = 0.48, E > 0.200; 1989: ~ = 1.95, E = 
0.102). 
August-October 
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Fish Capture Rates.--Each year fish capture rates by 
bears appeared higher in Zones 3 and 4 than in Zone 5 
(Fig. 6). During the fall focal samples were not 
collected for all bears observed during a sample session, 
and direct comparisons of the number of fish caught in 
each zone could not be made. Fish capture rates were 
therefore examined to compare fish availability among 
zones. Visual inspection of the seasonal patterns of fish 
capture rates indicated a high degree of similarity 
between years; data were therefore pooled across the three 
years. A Poisson model of bear fish capture rates 
summarized by 4-day sample periods for each zone across 
years showed a significant interaction between zone and 
sample period (E = 0.010). Examination of the residuals 
from the model indicated that the lack of fit was 
restricted to two sample periods; fish capture rates 
showed an otherwise similar pattern of gradual increase in 
each zone through the fall. Rates in Zone 5 were 
consistently lower than those in Zones 3 and 4. Mean 
rates (i ± SE) were 18.1 ± 1.6 fish/ fishing hour in Zone 
3, 18.1 ± 1.2 f/fh in Zone 4, and 11.4 ± 1.0 f/fh in Zone 
5. 
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Human Activity.--Human activity on the river declined 
substantially after the lodge closed on September 10, 
while rate s of noise occurrence showed a more gradual 
decrease through most of September (Fig. 10). Both noise 
occurrence rates and human use reached relatively low 
levels by about September 26; 84.6% of all fall human 
activity on the river and 84.5% of all noise bouts had 
occurred by that time . 
The number of people observed on the river increased 
across sample years due to a change in policy that allowed 
guided fishing in the zones sampled in 1990. The rate of 
human activity recorded in 1990 (3.3 tp/ts) was nearly 
twice that recorded between 1988 and 1989 (1.8 tp/ts). 
While levels of use increased across years, the 
distribution of human activity among zones remained 
similar. Overall, 55.2% of human activity was recorded in 
Zones 3 and 4, and 44.8% in Zone 5. Activity in Zone 3 
involved primarily photographers, bear viewers, and staff 
(74.9%), while Zone 5 was used principally by anglers 
(79.3%). 
Habituation Status and Distributions of Activity 
among Zones.--The proportion of habituated adult bears 
observed (of all bears) remained similar in 1990 to the 
previous two years, even as human activity increased (~ = 
o.oo, df = 1, £ > 0.900). In contrast, the proportion of 
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nonhabituated adults declined noticeably in 1990 and the 
proportion of unknown bears also declined (Table 12). The 
decline in the combined proportion of unknown and 
nonhabituated bears in 1990 was significant (~ = 4.00, df 
= 1, E < o.050). 
Use of Zones 3 and 4, (nearest Brooks Camp) by 
habituated adult bears was significantly higher than by 
nonhabituated or unknown adults during all years (1988: 
Kruskall-Wallis H = 9.45, df = 2, E = 0.009; 1989: H = 
7.99, df = 2, E = 0.019; 1990: H = 8.71, df = 2, E = 
0.013; Table 13). In contrast, Zone 5, furthest from 
Brooks Camp, was used similarly by groups each year (1988: 
H = 0.79, df = 2, £ = 0.674; 1989: H = 1.01, df = 2, E 
0.604; 1990: H = 1.33, df = 2, E = 0.515; Fig. 11). 
overall, nonhabituated and unknown bears were 
observed using the river significantly less than 
habituated bears each year, and levels of activity were 
similar between the nonhabituated and unknown groups 
(1988: H = 6.10, df = 2, E = 0.048; 1989: H = 4.88, df = 
2, E = 0.088; 1990: H = 8.03, df = 2, E = 0.018; Table 
13) . 
Habituation and Seasonal Use Patterns.--As mentioned 
previously, seasonal patterns of use by the habituated, 
nonhabituated, and unknown groups appeared similar among 
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years, and data were therefore summarized across the three 
years. 
Habituated bears were already using the river when 
sampling began August 26, while use of the river by 
nonhabituated bears was primarily after the lodge closed 
on September 10 (Fig. 12). A comparison of arrival dates 
(date of first observation) indicated a significant 
difference among the habituated, nonhabituated, and 
unknown groups each year {1988: Kruskall-Wallis ti= 10.63, 
df = 2, £ = 0.005; 1989: ti= 6.53, df = 2, £ = 0.039; 
1990: ti= 7.24, df = 2, £ = 0.027). Nonhabituated and 
unknown adults were first observed on the river 
significantly later than were habituated adults in all 
years (Table 14). 
In Zone 3, nearest Brooks Camp, habituated adults 
showed a n increase in use through most of the fall sample 
period (Fig.12a). A substantial reduction in human 
activity after the lodge closed on September 10 coincided 
with the first observations of nonhabituated and unknown 
bears in this zone. Use of Zone 3 by nonhabituated and 
unknown bears remained low through September, but more 
than doubled the first week of October, coinciding with 
lowest rates of human use and noise occurrence (Fig. 10; 
Fig. 12a). 
Zone 4 received a relatively high degree of use by 
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habituated bears throughout the fall sample period (Fig. 
12b). Nonhabituated and unknown adults showed little 
activity in this zone until after September 10, at which 
time their use increased noticeably. Another increase in 
use by these bears was observed after about September 26; 
this increase coincided with the first sample period 
during which both human activity and noise occurren~e 
rates reached relatively low levels (Fig. 10; Fig. 12b). 
Habituated bears used Zone 5 (furthest from Brooks 
Camp) the least, and activity by these bears reached its 
highest level September 7-10 (Fig. 12c). As in Zone 4, 
two distinct increases in activity by nonhabituated bears 
were noted, one around September 10, and the other about 
September 26. Both increases in use again coincided with 
decreased human activity. The use pattern of unknown 
bears resembled that of nonhabituated bears through most 
of September, but an increase in use the last few days of 
September was not observed (Fig. 12c). 
DISCUSSION 
As a measure of human disturbance, the scan counts of 
people were probably not entirely representative of the 
degree to which human activity affected each zone. 
Indirect influences of people occurred in Zones 3 and 4, 
due to their proximity to Brooks Camp, where most staff 
and visitor facilities were located. Olson (1993b} 
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discussed these indirect sources of activity in detail; we 
need only reiterate here, as in that discussion, that 
exposure to people was greatest in the zones nearest 
Brooks Camp. During June-July Zone 6 received the least 
amount of uncontrolled human use (human activities were 
confined primarily to the viewing platform), and during 
Aug ~t-October Zone 5 appeared least affected by human 
activity (Zone 6 was not monitored during the fall). 
Habituation and Distributions 
of Use 
Comparisons of the use patterns of unknown bears with 
those of nonhabituated bears showed many similarities, 
supporting the logical conjecture that bears which were 
seldom or never seen within 50 m of people were probably 
not habituated. The use patterns of these bears 
contrasted with habituated bears, who used areas of high 
human activity throughout the periods sampled, and at 
significantly higher levels than the nonhabituated and 
unknown adults. Thus between 1988 and 1990, 61.5% - 73.7% 
(8/13 - 14/19) of the adult bears observed regularly 
during July and 62.5% - 77.3% (10/16 - 17/22) seen 
regularly during the fall appeared to be avoiding human 
activity to some extent. 
Bear Activity Relative to Salmon Availability.--
During June-July, 1990, many more salmon became available 
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to bears downriver of Zone 6, in contrast to the previous 
two years when salmon carcasses were only occasionally 
observed in Zones 3, 4, and 5. The relatively high 
availability of salmon among Zones 3, 4, and 5 during 
June-July, 1990 was similar to that observed during the 
fall of all study years. 
Coincident with the increased availability of salmon 
downriver of Brooks Falls during June-July, 1990, 
habituated bears showed dramatic changes in their 
distributions of use over previous years, spending 
noticeably greater percentages of time in Zones 3 and 4. 
Nonhabituated and unknown bears did not respond to the 
increased availability of salmon in the zones near Brooks 
Camp; distributions of use by these bears remained similar 
to previous years. Similarly, during the fall sample 
period of all years habituated bears used Zones 3 and 4 
(the zones where salmon carcasses tended to accumulate) 
significantly more than nonhabituated and unknown bears. 
However, unlike June-July, human activities declined over 
the fall sample period. Nonhabituated and unknown bears 
appeared to increase their use of the zones near Brooks 
Camp in response to this decline in activity. 
The observed fish capture rates can be interpreted in 
terms of optimal exploitation of the resource. Total fish 
capture rates were calculated using only the total minutes 
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actually spent fishing as the denominator, with rates thus 
expressing success per unit effort. In this currency, 
observed fishing success across river zones appeared 
relatively uniform during June-July, 1988-1989. These 
observations conform to the predictions of the ideal free 
distribution that bears should sample all zones and 
distribute their efforts proportional to the pay-off of 
each zone (Milinski and Parker 1991). For example, the 
richest area, Zone 6 in 1988 and 1989, should be exploited 
until a bear's success there is no greater than elsewhere 
on the river. Distributions of use by most bears during 
those years conformed well. 
During July, 1990, as well as during the fall of each 
year, this pattern was not observed. Bear fishing success 
differed greatly from a uniform distribution across all 
zones. The best fishing was in and near the mouth of the 
river (Zones 3 and 4), adjacent to Brooks Camp where human 
activity was most concentrated. That the rates of fish 
capture across zones were not uniform suggests that the 
mouth of the river was underexploited. Analyses of adult 
bear use of the river by habituation class indicated that 
the nonhabituated and unknown bears avoided this area. 
These results imply behavioral exclusion of 
nonhabituated and unknown bears from the richest foraging 
areas. During periods when the best fishing is not at the 
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falls, the entire cohort may not be able to optimally 
exploit the river, because the high percentage of bears 
intolerant to close proximity with people is behaviorally 
constrained from using the river near Brooks Camp. 
Cohort Composition Relative to Human Activity during 
the Fall.--The same four habituated adult bears have used 
the river consistently each fall since 1988; a few other 
habituated adults showed less fidelity, bringing the 
average to five individuals. In contrast, the number of 
nonhabituated and unknown adults regularly on the river 
during the fall declined in 1990. This decline continued 
in 1991, and may be accounted for by a decrease in the 
number of adult males observed (Olson and Squibb 1991). 
There were several notable factors correlated with 
the apparent decline in the number of nonhabituated and 
unknown adults. Use of the Brooks River area ·by people 
increased over the course of the study. In 1988 the 
entire river was closed to guided fishing; in 1989 the 
river below Brooks falls was closed to guided fishing; and 
i n 1990 the entire river was open to guided fishing. 
There has also been a trend towards use of larger 
generators during the fall, from a 6 Kw in 1988 to a 12 Kw 
in 1990; the constant noise of the generator was 
detectable at long distances. 
The sockeye salmon escapement into the Naknek 
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drainage also increased over the three years of 
monitoring, and this increase appeared to result in 
greater availability of salmon to bears. If the increased 
salmon escapement in 1990 resulted in increased salmon 
availability on other nearby creeks, some bears may have 
taken advantage of those fish, thereby avoiding the 
increase in human activity observed during the fali' of 
1990. However, Troyer (1980b) reported that the Savonoski 
River, some 20 km from Brooks, is the nearest stream at 
which salmon are available to bears late in the fall. 
Management Implications 
While habituated adult bears appeared to be 
consistently in the minority (23-39% of all adult bears), 
their overlapping use patterns with people resulted in 
more frequent interactions between these bears and humans. 
It is clear that bears regularly interacting with people 
at close range have greater potential to obtain human food 
or anglers' fish. Currently Katmai NPP regulations 
require people to maintain distances of >50 m from single 
bears and >100 m from females with young; regulations also 
exist for storage of food and handling of fish. Given the 
patterns of human use described in this study, and the 
trend towards increased human activities in the Brooks 
River area (D. C. Nemeth, Natl. Park Serv., unpubl. data, 
1981-1991), strict adherence to and enforcement of these 
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regulations appears warranted. Food-conditioning has been 
associated with subsequent approaches towards people (R. 
C. Squibb, Natl. Park Serv. unpubl. data, 1989-1991; 
Herrero 1989, Warner 1987b, Herrero 1985) and has been 
associated with human injuries in other areas (Herrero 
1985, Wilman et al. 1987, McCullough 1982). 
In the absence of food-conditioning most habituated 
bears appeared to maintain a reasonable state of 
coexistence with people. Nadeau (1987) indicated a 
similar relationship for bears using natural foods near a 
campground in Glacier National park. Jope (1985) 
suggested that bears habituated to hikers were likely 
invo lved in fewer charges towards people than were 
nonhabituated bears . Similarly, at Brooks River virtually 
all reported serious charges involved nonhabituated bears 
(Olson et al. 1990; R. C. Squibb, Natl. Park Serv, pers. 
cornrnun.). 
In contrast to habituated bears, nonhabituated adult 
bears avoided human activities by using less productive 
foraging sites where human activities were least. These 
bears would gain greater access to productive fishing 
sites if human activities were limited during the salmon 
migratory and spawning periods. Reduced human disturbance 
would be of particular benefit to females with young who 
may already be stressed as a consequence of avoiding other 
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adult bears (Olson 1993a). Barnes (1990) also suggested 
that to protect bear access to salmon streams, regulations 
that limit human activities may be necessary. 
Increased visitor activity on Brooks River and other 
salmon-spawning streams in the park represent additional 
potential pressure towards habituation to people by bears 
using those same areas. Further understanding of the 
origin and cultural transmission of habituation to people 
in bears would provide useful information for evaluating 
the potential effects of human activity on bears that 
frequent these streams. 
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Table 9. Summary by habituation class of bears defined as 
regularly using Brooks River during June-July (observed 
using the river on greater than two separate occasions). 
Habituation 
Habituated 
Nonhabituated 
Unknown 
Subadults 
Totals 
1988 
D. % 
5 
7 
1 
4 
17 
29 . 4 
41. 2 
5.9 
23.5 
100.0 
1989 
D. % 
5 
9 
4 
3 
21 
23.8 
42.8 
19.0 
14.3 
99.9 
1990 
D. % 
5 
8 
4 
5 
22 
22.7 
36.4 
18.2 
22.7 
100.0 
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Table 10. Results of pair-wise comparisons of total use 
(mins) by habituation class during June-July, 1989-1990. 
Within each row, ranks which have no superscript in common 
differed (£ < 0.100), as indicated by Fligner-Policello n 
tests. 
Habituated 
Year Median ~ Rank 
1989 431.0 14. 4 • 
1990 629.0 15. o• 
1989 840.0 12. 6" 
1990 768.0 14. 4• 
Nonhabituated 
Median ~ Rank 
Zones 3 4 and 
26.0 7. 7b 
38.0 5 • 8b 
All Zones 
802.0 10. 1" 
205.5 5 • 8b 
Unknown 
Median ~ Rank 
5 
32.0 7. 5b 
81. 5 7 • 9b 
126.5 4. 3b 
522.5 8 • 8b 
Table 11. The percent use of each zone by habituated, nonhabituated, and unknown 
adult bears, June 26 - July 29, 1988-1990 (see Table 9 for a summary of the number of 
individuals in each habituation class). The total fish caught per bear fishing hour 
(FCR) is also indicated. 
1988 
Zone Hab. Nhab. Unk. FCR 
3 15.4 0.2 0 1.7 
4 9.1 1.8 0 1.7 
5 17.3 7.1 30.0 1.3 
6 58.2 90.9 70.0 1.9 
1989 
Hab. Nhab. Unk. FCR 
9.4 1.2 4.4 1.7 
8.2 5.8 4.8 1.2 
16.0 12.4 15.3 1.8 
66.4 80.6 75.4 3.0 
1990 
Hab. Nhab. Unk. FCR 
27.1 1.6 2.2 13.8 
25.5 5.2 7.6 14.8 
20.5 15.3 17.3 5.2 
26.9 77.9 72.9 6.4 
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Table 12. Summary by habituation class of bears regularly 
using Brooks River during the fall (observed using the 
river on greater than two separate occasions). 
Habituation 
Habituated 
Nonhabituated 
Unknown 
Subadults 
Totals 
n 
5 
8 
9 
9 
31 
1988 
~ 0 
16.1 
25.8 
29.0 
29.0 
99.9 
n 
5 
8 
6 
5 
24 
1989 
% 
20.8 
33. 3 
25.0 
20.8 
99.9 
n 
6 
5 
4 
14 
29 
1990 
% 
20.7 
17.2 
13.8 
48.3 
100.0 
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Table 13. Results of pair-wise comparisons of total use 
(mins) by habituation class during August-October, 
1988-1990. Within each row, ranks which have no 
superscript in common differed (£ < 0.100), as indicated 
by Fligner-Policello ~ tests. 
Habituated 
Year Median x Rank 
1988 1565.0 1 9 . 2• 
1989 1973.0 16. o• 
1990 1986.0 12. 2• 
1988 2057 . 0 17. 8 " 
1989 2399.0 14. 6" 
1990 2245.0 12. o• 
Nonhabituated 
Median x Rank 
Zones 3 and 
194.0 8. 2b 
147.5 8. 5b 
357.0 5. Oh 
All Zones 
389.5 9. 5b 
808.0 9. 1 b 
615.0 5. 5b 
.Unknown 
Median x Rank 
4 
262.0 10. lb 
31.0 7. Ob 
319.0 5. 5b 
324.0 9 • 3b 
190.5 7. 3b 
675.5 5. lb 
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Table 14. Results of pair-wise comparisons of arrival 
dates (date of first observation) by habituation class 
during August-October, 1988-1990. Within each row, ranks 
which have no superscript in common differed(~< 0.100), 
as indicated by Fligner-Policello ~ tests. 
Year 
1988 
1989 
1990 
Habituated 
Median x Rank 
242.0 3.2 8 
239.0 4.8 8 
245.0 4,5 8 
Nonhabituated 
Median x Rank 
256,5 13.7b 
253.5 10.8 b 
257.0 11.7 b 
Unknown 
Median x Rank 
262.0 14,2b 
259.0 13.3b 
252.5 8.6b 
Figure 9. The total rates of activity recorded for 
individual adult bears observed using Brooks River during 
June-July, 1988-1990, grouped by habituation class. Rates 
are subdivided by zone, and females with young are 
indicated. 
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Figure 11. The total rates of activity recorded for 
individual adult bears observed using Brooks River during 
August-October , 1988-1990, grouped by habituation class . 
Rates are subdivided by zone, and females with young are 
indicated . 
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Figure 12. The seasonal patterns of bear activity 
recorded during August-October, 1988-1990, by habituation 
class and observation zone. 
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CHAPTER IV 
VARIABLE IMPACTS OF PEOPLE ON HABITAT USE, MOVEMENTS, AND 
ACTIVITY OF BROWN BEARS ON AN ALASKAN RIVER 
ABSTRACT: A quantitative study of the behavior of brown 
bears (Ursus arctos) was undertaken at Brooks River· in 
Katmai National Park and Preserve 1988-1990 to determine 
whether human activity affected use of the area by females 
with young. over the three fall seasons 862 hours of 
systematic observations were recorded (late August through 
mid-October salmon spawning period). Ten different 
females with young were observed, four of them over a 
complete reproductive cycle. Each female was classified 
according to human tolerance as "habituated" (n = 5), or 
"nonhabituated" (n = 5). The seasonal patterns of family 
group activity were examined according to habituation 
class. There was a direct relationship between the 
distribution of river use by nonhabituated family groups 
and proximity to Brooks Camp, while no relationship was 
found for habituated family groups. Use of areas by 
nonhabituated families increased near Brooks Camp late in 
the season, when human activity and noise in camp 
decreased. Availability of fish for bears was highest in 
areas near camp; however, nonhabituated females with young 
used these areas significantly less than habituated 
families. 
INTRODUCTION 
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Recreational activity in Katmai National Park and 
Preserve (NPP) has increased more than two-fold over the 
past 10 years; visitor use of the Brooks River area 
increased from >5,350 visitor days in 1981 to >10,750 
visitor days in 1991 (D. C. Nemeth, Natl. Park Serv . 
unpubl. data). The Alaska National Interest Lands 
Conservation Act (1980) provides specific mandate for 
Katmai NPP National Park Service (NPS) unit where: 
fish and wildlife may roam freely, developing 
their social structures and evolving over time 
as nearly as possible without the changes that 
human activities would cause (Senate report 
96-413 1980:137). 
The potential effects of increased visitation on brown 
bear activity, particularly on females with young, is of 
concern to park management, as specified in the park's 
General Management Plan (Natl. Park Serv. 1986a) and Bear 
Management Plan (Natl. Park Serv. 1986b). Braaten and 
Gilbert (1987) and Warner (1987a) both reported few 
observations of bear family groups through the peak 
visitor use period of June through early September, and an 
appreciable increase in sightings after that period. They 
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hypothesized that females with young may have been 
inhibited from using the river by the activities of 
people. 
To examine the question of bear family group 
displacement by people , we compared the use patterns of 
habituated and nonhabituated females with young observed 
feeding in Brooks River during the fall salmon spawning 
periods of 1988-1990 (late August through mid-October) by 
habituation class. We relate these use patterns to human 
activity in the area, as well as to other quantified 
variables, including the activities of conspecifics and 
salmon availability. This chapter is part of a larger 
project examining bear behavior in relationship to human 
activity at Brooks River. 
STUDY AREA 
Katmai NPP is located on the northern portion of the 
Alaskan Peninsula (Fig. 1) . The Naknek drainage, of which 
Brooks River is a part, comprises one of the four most 
productive salmon drainages in the region. 
Brooks River serves as a major migratory route and, 
to a lesser extent, spawning stream for sockeye salmon 
(Oncorhynchus nerka). The river is approximately 2.5 km 
in length, flowing from Brooks Lake into Naknek Lake, with 
a 2-m high falls midway. The upper river is generally 
bordered by a forest cover of alder (Alnus spp.), spruce 
107 
(Picea, sp.), birch (Betula sp.), and willows (Salix, 
spp.). Near the mouth of the river the banks are low and 
more open, supporting marsh areas. 
There are two main periods of bear activity at Brooks 
River. The first occurs during the first three weeks of 
July when large numbers of salmon pass through the river, 
most headed towards upper tr : ~taries (Merrill 1964). 
Brooks River is the first river within the park at which 
significant numbers of salmon become available to bears. 
Bears gather at the 2-m high Brooks Falls, where fish are 
captured as they jump and school below the falls. The 
number of salmon moving up the river declines towards the 
end of July, when most bears move on to other food 
sources. 
Bear activity increases again along Brooks River at 
the end of August, and grows through September and 
October. This second "season" of bear activity far 
surpasses the bear activity levels of July (Troyer 1980a, 
Braaten and Gilbert 1987, Warner 1987a, Olson et al. 1990, 
Olson and Squibb 1990, Olson and Squibb 1991). Bears 
concentrate in the lower portions of the river during the 
fall as dead and dying, spawned-out salmon accumulate in 
backwaters, snags, and along the lakeshore. 
Brooks River attracts many park visitors who come to 
fish, and to view and photograph bears. Brooks Camp, 
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located on the north side of the river along the Naknek 
shoreline, provides facilities for park visitors and park 
and concessions employees (Fig. 1). The camp includes a 
lodge, visitor center, and park and concessions housing 
and support facilities. Beyond these buildings to the 
north is a 21-site campground. Brooks Camp is accessed by 
float planes and by boats, most originating in King 
Salmon, about 40 km to the northwest. The majority of 
planes land offshore from Brooks Camp and taxi to the 
shore at developed facilities. 
Brooks Lodge closed on September 10, 1988-1990. 
Closure of NPS and lodge facilities extended human 
activity in Brooks Camp to at least 10 days beyond closing 
of the lodge. Limited (2-4) NPS staff remained in Brooks 
Camp with reduced utilities through mid-October, and 
limited use of the NPS campground also continued through 
October. Use of the river in the fall by fly-in fishing 
groups increased over the years that the river was 
monitored, largely due to a change in NPS policy regarding 
use of the river by guided groups. In 1988 the river was 
closed to guided fishing after September 10; in 1989 the 
upper river was open to guided groups, and in 1990 the 
entire river was open. 
METHODS 
Data presented were collected from August 26 -
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October 12 1988, 1989, and 1990. Observations were taken 
only on the river below Brooks Falls to the mouth on 
Naknek Lake. This area was divided into three zones (Fig. 
1) : 
Zone 5: The Cutbank, from the beginning of the 
rapids below Brooks Falls to the upriver end of 
the Oxbow marsh. 
Zone 4: The Oxbow, from the upper end of the 
Oxbow marsh to the pontoon floating bridge. 
Zone 3: The river mouth, from the pontoon 
footbridge to Naknek Lake. 
Observers viewed Zone 5 from a 3-m tree stand on the south 
side of the river atop a 3-m eroding bank, and Zones 3 and 
4 simultaneously from a 4-m tower of scaffolding. This 
tower was located on the south side of the river at the 
bridge in 1988, and on the north side of the river 
directly opposite its original location in 1989 and 1990. 
Comparisons of data collected from both locations showed 
no apparent effect on total bear minutes observed. 
Observation sessions were scheduled systematically; 
the sampling regime produced balanced coverage through all 
daylight hours and across all observation zones within a 
consecutive 4-day sample period. 
Records of identifying characteristics of individual 
bears were maintained. Many bears were recognized between 
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study years (54.5%; 6/11); however, changes in physical 
appearance may have precluded reidentification of some 
individuals. Each female with young was classified as 
habituated or nonhabituated to people. Habituation was 
defined as consistent tolerance of people at 50 m or less 
with no significant change in behavior. 
Complete record sampling (Slater 1978) and focal 
sampling (Altmann 197 4 ) were used to record information 
regarding bear activity; scan sampling was used to sample 
human activity (Altmann 1974). 
Arrival and departure times and individual identities 
were recorded for all bears seen during an observation 
session. Frequency of fish capture and duration of 
fishing and consumption were also recorded for a s ubsample 
of the individuals using the monitored area. Since 
portions of dead salmon were retrieved by bears, these 
were recorded to the nearest quarter. 
The total number of people present within the 
observation zone was recorded at 10-minute intervals 
throughout the observation session. During each 10-minute 
period the number of engine sounds (and other loud 
disturbances) was tallied. 
Bear activity over the fall sample period was 
summarized by observation zone using consecutive 4-day 
blocks, corresponding with the sampling regime. Observed 
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levels of bear activity, total bear minutes (tbm), and 
human activity, total people (tp}, are reported as rates 
(tbm/tom) and (tp/ts), calculated using total sample 
minutes or scans as the divisor. Fish capture rates 
(e.g., fish caught per fishing hour [f/fh]} were derived 
from the individual bear fishing data, using total fishing 
hours (fh) as the divisor. Because total sample period 
times between zones and years were slightly different, 
percent use figures by zone were derived using activity 
rates adjusted by total sample time. 
Visual inspection of the distribution of use by bears 
and people across the fall sample period showed remarkable 
similarity between years; bear fish capture rates also 
showed similar patterns between zones and years. Data 
were therefore pooled across the three years for most 
analyses. 
A Poisson model (Frame 1983, Baker 1985) of fish 
capture rates was used to evaluate differences in catch 
rate between zones through the fall sample period. A 
modified Mann-Whitney-Wilcoxon two-sample rank test 
(Fligner and Policello 1981), robust to differences in 
variance between samples, was used to compare habituated 
and nonhabituated family group use levels observed in 
August-September with those recorded in October. 
Comparisons of use of different zones by individual family 
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groups were made using Wilcoxon matched-pairs signed-ranks 
tests (Zar 1984). £ < 0.100 was considered significant. 
RESULTS 
Approximately 950 hours of systematic observation 
time were recorded over the three fall periods. Time 
periods and locations not comparably sampled between years 
were removed prior to data analysis, leaving 862 hours of 
observation reported here (1988: 283 hr, 1989: 297 hr, 
1990: 282 hr). 
Eleven different females with young were identified. 
Ten of these females were classified according to 
habituation status: five as habituated and five as 
nonhabituated. Limited observation time for one female 
(19 minutes on one occasion) precluded classification of 
her tolerance of proximity to people and she was not 
included in comparisons presented here. 
Fish Capture Rates 
A Poisson model of bear fish capture rates summarized 
by 4-day sample periods for each zone showed a significant 
interaction between zone and sample period (£ = 0.010). 
Examination of the residuals from a model without the 
interaction term indicated that lack of fit was restricted 
to two sample periods; fish capture rates showed an 
otherwise similar pattern of gradual increase in each zone 
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through the fall. Rates in Zone 5 were consistently lower 
than those in Zones 3 and 4. Mean rates (~±SE) were 
18.1 + 1.6 fish/fishing hour in Zone 3, 18.1 ± 1.2 f/fh 
in Zone 4, and 11.4 ± 1.0 f/fh in Zone 5. 
Seasonal Use Patterns by Zone 
Human Activity.--Human activity on the river declined 
substantially after the lodge closed on September 10 (Fig. 
13d). Winterizing activities by lodge and NPS staff led to 
continued activity in Brooks Camp through at least 
September 22. The number of people observed on the river 
varied across sample years due to a change in policy that 
allowed guided fishing in the zones sampled in 1990; 
however, the distribution of use among zones remained 
similar. Overall, 52.1% of human activity was recorded in 
Zone 3, 3.0% in Zone 4, and 44.8% in Zone 5. Activity in 
Zone 3 involved largely photographers, bear viewers, and 
staff (74.9%), while Zone 5 was used principally by 
anglers (79.3%). Human use showed two noticeable 
declines: one following lodge closure September 10, the 
other at the beginning of October when fly-in fishing 
groups stopped using the river. 
Noise occurrence rates declined through the fall 
sample period as human use decreased (Fig. 13). Lowest 
rates were recorded in Zone 5, the observation area 
furthest from camp. 
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Bear Activity.--Adult males favored use of Zone 4, 
with 48.7% of all male minutes observed in this zone. Use 
of Zones 3 and 5 by males was approximately equal (25.6% 
mins Zone 3, 25.7% mins Zone 5); the average (i ± SE) 
number of adult males observed during the fall was 11.3 + 
0.7 per year. Greatest use by other bears was in Zone 5 
(39.0% mins), followed by Zone 4 (34.5% mins), and Zone 3 
(26.5% mins); a mean of 17.3 + 0.9 different individuals 
was observed each year. 
Habituated family groups were already using the river 
when sampling began August 26, while nonhabituated family 
groups were not observed using the river until September 
10. The arrival of nonhabituated family groups each year 
consistently coincided with a substantial reduction in 
visitor numbers due to closure of the lodge. All five 
habituated family groups were observed on the river by 
September 15; four were regularly using the river by the 
first week of September. Three of the five nonhabituated 
family groups were first sighted after the second week of 
September. 
Zone 3, the zone closest to Brooks Camp, was used 
almost exclusively by habituated family groups (98.1% 
total family group minutes recorded) (Fig. 13a). Activity 
in this zone by habituated family groups increased through 
September and reached its highest level of 0.60 tbm/tom 
October 5-8. The small amount of activity by 
nonhabituated family groups occurred in October, after 
human use and noise had reached their lowest levels. 
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Both habituated and nonhabituated family groups used 
Zone 4, however habituated family groups again accounted 
for a higher percentage of the total family minutes 
observed (72.0%). Nonhabituated family groups showed a 
gradual increase in use through September. Rates of 
activity by these bears during October averaged a 10-fold 
increase over periods of activity in September. This 
marked increase in use coincided with lowest rates of 
noise occurrence and human activity (Fig. 13b). Use of 
Zone 4 by nonhabituated females was largely by two 
i ndividuals (96.6% Bear #13 and Bear #38). 
Habituated family groups showed variable activity in 
Zone 5, and with declining use rates by October as 
accumulations of dead salmon increased downriver. In 
contrast, nonhabituated family groups increased use 
through the first four days of October, and use rates were 
still at their highest levels as they declined the last 
week of sampling (Fig. 13c); these high levels of use 
coincided with decreased use of Zone 5 by anglers and an 
overall decline in human activity and noise occurrence. 
Nonhabituated family groups accounted for 62.3% of the 
minutes recorded in Zone 5. 
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A significant increase in use by nonhabituated family 
groups was apparent in Zones 3, 4 and 5 after September 
30, when noise occurrence rates and human activity were at 
their lowest levels (Fligner-Policello Q tests 5Sept. 30 
vs. >Sept. 30, nc~ = 9, n>m = 3: Zone 3 Q = 2.71 E < 
0.100, Zone 4 Q = 7.88 E < 0.025; Zone 5 Q = 7.88, E < 
0.025 (Fig. 14b). Increased use by habituated family 
groups after September 30 was apparent only in Zone 3 
(5Sept. 30 vs. >Sept. 30, Ile~= 9 n>~ = 3: Zone 3 Q = 
4.67 E < 0.050, Zone 4 Q = 0.10, E > 0.200, Zone 5 Q =0.40 
E > 0.200) (Fig. 14a). 
Patterns of Use by Individual 
Females 
Four individually identified females with young were 
observed each fall during the study. Two of these females 
were clearly habituated to people, while the other two 
were nonhabituated. A comparison of zone use by these 
four females showed distinct differences related to both 
habituation class and reproductive status (Fig. 15). Use 
of Zones 3 and 4 by the two habituated females varied 
little with changes in reproductive status. In contrast, 
the two nonhabituated females showed obvious differences 
in percent use of the two zones closest to camp when 
reproductive status changed from single to that of 
supporting cubs. The change in use was different for each 
female: Bear #13 showed a decrease in use when 
accompanied by offspring, while Bear #38 showed an 
increase. 
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Distributions of use by individual family groups 
among the three observation zones were relatively 
consistent within habituation class and across years (Fig. 
16). All habituated females, with the exception of Bear 
#39, used Zone 3 and 4 significantly more than Zone 5 
(Wilcoxon matched-pairs signed-ranks test: T = 1.0, n = 7, 
£ = 0.035; medians: Zones 3 and 4 = 0.17, Zone 5 = 0.06), 
while nonhabituated females all showed significantly 
greater use of Zone 5 (T = 0.0, n = 7, £ = 0.022; medians: 
Zones 3 and 4 = 0.03, Zone 5 = 0.12). The distributions 
of use by nonhabituated family groups appeared relatively 
consistent across sample years, even as human use of Zone 
5 increased in 1990. 
DISCUSSION 
Our impression was that the scan counts of people 
present were not entirely representative of the degree to 
which human activity affected each zone. Indirect 
exposure to people occurred in Zones 3 and 4, due to the 
proximity of Brooks Camp. Limited staff and visitors 
remained in Brooks Camp and Campground through the end of 
sampling each year, and in 1988 and 1990 a small stand-by 
generator was in constant operation. 
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After the pontoon footbridge was removed in 
mid-September, motor-boats and canoes were frequently used 
to cross to the south side of the river in Zone 3. Most 
planes continued to land on Naknek Lake, taxiing to shore 
at Brooks Camp. Although we tallied the number of noise 
bouts heard during 10-minute intervals, the relative 
intensity of any noise bout was unmeasured. For example, 
a plane landing on Naknek Lake had greater impact in Zone 
3 (river mouth) than in Zone 5 (upriver), but it was 
recorded by an observer in either zone as one noise bout. 
Differences in area between observation zones made 
counts of people difficult to evaluate. When both 
nonhabituated family group(s) and people were present 
within an observation area, they were almost invariably 
observed at greater than 100 rn from each other, sometimes 
as much as 450 m. Potential spacing between bears and 
people was most limited in Zone 3 due to the developed 
area on the north side of the river. Zone 4 provided more 
alternative routes to bears; however, the developed area 
on the north side of the river again placed some limits on 
where a female with young could travel and still remain 
far from people or the Brooks Camp site. Zone 5 had the 
most alternative routes for bears due to the large size of 
the zone, and because there were no developed areas on 
either side of the river. 
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Considering the degree to which indirect sources of 
human use from activity in Brooks Camp affected Zones 3 
and 4, we divided the lower river into three observation 
zones based on the following levels of human exposure: 
Zone 3: Greatest human impact 
Zone 4: Intermediate human impact 
Zone 5: Least human impact 
Habituation and Distributions 
of Use 
Females with young have been reported to be 
underrepresented at McNeil River (Stonorov and Stokes 
1972, Egbert and Stokes 1976), particularly when salmon 
appeared accessible to family groups away from the 
concentration of bear activity at the falls. We did not 
observe such a lack of use by family groups at Brooks 
River between 1988-1990. Activity by bears at Brooks 
during the fall was, however, far less concentrated than 
at McNeil, due to the distribution of salmon carcass 
accumulations throughout the river, so females with young 
may have been able to feed effectively and still maintain 
distance from other bears. Also, feeding on spawned-out 
salmon occurs later than fishing at McNeil, so bears were 
presumably more satiated. 
Nonhabituated Family Groups.--The distribution of 
nonhabituated family group activity across zones 
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demonstrated a stronger response to human activity than to 
fish availability. Their use was concentrated in Zone 5, 
the area of lowest fish capture rates. Increased use of 
Zone 4, where fish capture rates were higher, was observed 
in late September and October. This activity was largely 
by two of the five nonhabituated families, and coincided 
with both decreased human activity and noise occurrence 
rates. The females who did use Zone 4 may also have 
responded to the accumulation of salmon carcasses 
downriver late in the season. However, these 
accumulations were also available in Zone 3, and virtually 
no use by nonhabituated families was observed there. 
In 1990 nonhabituated family group activity continued 
to be concentrated in Zone 5, despite relatively high 
day-use by anglers. On several occasions Bear #38 was 
observed fishing in this zone while anglers were present. 
In those cases the anglers were often at the opposite end 
of the zone. However, the other nonhabituated family was 
never observed on the river with people present, similar 
to two other nonhabituated family groups seen in 1988. 
Also, activity by nonhabituated families increased 
substantially in both Zones 4 and 5 during October, when 
groups of anglers stopped using the river. 
Olson (1993) and Olson and Squibb (1991) reported a 
decline in the number of nonhabituated adult males in 1990 
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and 1991 when the entire river was opened to guided 
fishing; the decline was in contrast to the relatively 
stable number of nonhabituated females with young 
observed. Continued use of the river by some 
nonhabituated family groups despite human presence and 
increased human activity in 1990 may reflect the high 
energetic demands of supporti ng dependent young (Gittleman 
and Oftedal 1987, Oftedal and Gittleman 1989). 
Nonhabituated females with young appeared to avoid 
the concentrated activity of people associated with Brooks 
Camp, particularly when human activity was highest during 
August-September; this pattern of use near human activity, 
but with avoidance of concentrated human use, has been 
observed in other areas as well. Mattson et al. (1987) 
reported that females with young in Yellowstone National 
Park were more frequently found near roads and 
developments than were adult bears, but avoidance of 
people by these females was still observed. Nadeau (1987) 
similarly reported that females with young were 
disproportionately represented among bears observed near a 
campground in Glacier National Park; these females were 
most frequently observed during the night, suggesting 
temporal avoidance of people. 
Nonhabituated females with young have been involved 
in most reported charges at Brooks River since 1987 (Olson 
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et al. 1990). The probability of such encounters is 
influenced by many factors, including the temperament of 
individual females with young using the river during any 
given year. Olson et al. (1990) reported that in over 60% 
of high-intensity encounters, most of which were charges, 
the encounter resulted in the bear leaving the area. The 
probability of such encounters is highest late in the 
season due the relatively high level of activity by 
nonhabituated females with young, and there is therefore 
greater potential for displacement of bear families from 
the river at that time. The effects of such displacements 
are unknown; however, Troyer (1980b:16) emphasized the 
significance of Brooks River to bears during the fall, as 
"the Savonoski River, some 20+ miles from Brooks, is the 
only other close stream that harbors salmon in late fall.'' 
Habituated Family Groups.--Habituated family groups 
appeared to distribute their use primarily in relationship 
to salmon availability. Activity by these bears was 
concentrated in Zones 3 and 4 where fish were most 
abundant, based on capture rates. As salmon carcasses 
accumulated in Zones 3 and 4 in October, these families 
showed even less use of Zone 5. Use of Zone 3 by these 
females not only provided access to a zone with high fish 
capture rates, but probably also allowed for less 
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interaction with adult males, who concentrated use in Zone 
4 • 
It appeared that habituation of adult females to 
people allowed greater access to resources, and with less 
potential interaction with other bears, especially adult 
males. Human activity appeared greatest in proximity to 
Brooks Camp, and use of Zone 3 by habituated females 
resulted in more constant exposure of their young to 
people. The significance of observational learning of 
parent models in the transmission of habituation to people 
remains unknown. The degree to which independent 
offspring are influenced by early learning regarding 
interactions with people could be significant to 
management. 
If dependent young of habituated females do remain 
habituated as subadults, they may become involved in a 
disproportionate amount of undesirable behavior, such as 
aggressively approaching or displacing people, or 
obtaining human food or anglers' fish. Warner (1987b) 
reported food-conditioned aggressive behavior towards 
people by a subadult female who had been exposed to people 
and human food as a cub. At Brooks River a subadult 
female (Bear #50) was the only bear recognized as a 
previous member of one of the family groups monitored. 
Bear #50 was habituated, as was her mother (Bear #7), and 
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she spent much of her time near Brooks camp. She was 
involved in several rapid approaches towards people, and 
may also have obtained fish from anglers (R. C. Squibb, 
Natl. Park Serv., pers. commun.). 
The degree to which the dependent offspring of 
habituated females are exposed to people could, then, be 
important to consider if they retain that degree of 
habituation when independent. Between 1989 and 1991 at 
Brooks River most property damage and encounters in which 
a bear obtained food or fish from a person involved 
habituated subadults, habituated adult females, or 
dependent young of habituated females (R. C. Squibb, Natl. 
Park Serv., pers. commun.). 
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Figure 13. The seasonal pattern of rates of noise 
occurrence and bear family group activity by observation 
zone. Human use is summarized across all three zones. 
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Figure 16. Distribution of use among the chree 
observation zones by individual habituated and 
nonhabituated family groups. 
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CHAPTER V 
INFANTICIDE IN BROWN BEARS, URSUS ARCTOS, AT 
BROOKS RIVER, ALASKA 
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Abstract: On two occasions, adult male brown bears (Ursus 
arctos) were observed to kill dependent young at Brooks 
River in Katmai National Park and Preserve, Alaska. In 
July 1988 a yearling bear was killed at Brooks Falls, and 
in July 1989 a spring cub was killed there. Records of 
the number of dependent offspring accompanying females 
through seasons and across years indicated a low mortality 
rate among dependent young within the Brooks River area. 
Introduction 
Due to the incidental nature of observing 
intraspecific killing by brown bears in the field, most 
accounts provide only limited details. Cases reported are 
most frequently of a bear observed on the carcass of 
another bear, with the cause of death being inferred from 
circumstantial information. 
Direct observations of infanticide by brown bears are 
few. Troyer and Hensel (1962) described a case of 
infanticide by what observers identified as a large adult 
male. Dean et al. (1986) described two cases of 
intraspecific killing: one involved an attempted 
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infanticide and killing of the mother, the other the 
killing and consequent consumption of a yearling bear, 
both by adult males. 
Here I report two cases of infanticide observed on 
Brooks River in Katmai National Park and Preserve (NPP), 
Alaska. Both incidents were witnessed from the public 
viewing platform at Brooks Falls. Use of Brooks River by 
brown bears was intensively monitored between 1988 and 
1990 (T. L. Olson and B. K. Gilbert, Utah State 
University, unpubl. data); therefore, I am able to report 
details regarding the bears involved and circumstances of 
the incidents. 
Study Area 
Brooks River is a 2.5-km river connecting Brooks Lake 
and Naknek Lake within the interior of Katmai NPP on the 
Alaska Peninsula. The Naknek drainage, of which Brooks 
River is a part, is one of the four most productive salmon 
spawning drainages in the region. 
During July bears attack migrating salmon jumping at 
Brooks Falls, a 2-m high falls at mid-river. In 
September-October the number of bears using Brooks River 
increases. Then bears forage over the entire river on 
accumulating dead and dying, spawned-out salmon. 
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Descriptions of Observed Infanticides 
On July 13, 1988 at 1425 hours I observed from a 
distance of ~40 man attack on a yearling bear at Brooks 
Falls. Although seven bears had been at the falls earlier 
in the day, only two single adult bears and an adult 
female with one yearling were present when the attack 
occurred. Fish capture rates on the day of the.attack 
were relatively low, with 0.8 fish caught per bear focal 
hour (e.g., 8 salmon were caught during about 9.7 hours of 
bear presence). Fish capture rates prior to this date had 
been variable; the average fishing rate during July was 
1.5 fish per bear hour of presence. 
The large adult male that attacked the yearling had 
been fishing at the falls regularly during the previous 
two weeks. He was clearly dominant as well as aggressive, 
and at times had driven all bears from the falls. The 
female and yearling had not been commonly seen at the 
falls; they were more frequently observed near the lodge 
at the mouth of the river. The female was small for an 
adult. 
At 1425 hours the female with yearling was fishing 
from the top edge of the falls (about 30 m from the 
viewing platform), when the large male suddenly appeared 
upriver behind the two. The female retreated down off the 
falls away from the male, and the yearling tumbled over 
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the falls into the whitewater below. 
The ~male remained oriented towards the yearling, and 
moved quickly off the falls towards it. As the male 
continued his pursuit of the yearling, the mother reached 
shore, looking over her shoulder several times and 
huffing, as if the yearling were behind her. The yearling 
fled from the large male, swimming downstream away from 
its mother until the small, shrub-covered island 25 m 
downriver of the falls separated the two. 
When the male reached the yearling behind the falls 
island, he landed on it with both paws extended (rather 
similar to his fishing technique). According to several 
park visitors with a better view, he held it under water 
briefly, then shook it vigorously by the neck. The 
yearling was obviously dead when the male carried it by 
the scruff of the neck into the woods, approximately 70 m 
downstream. The female appeared stressed, huffing 
intermittently, but at no point attempted to defend the 
y earling from the male. 
The male returned to the falls within about five 
minutes after carrying the yearling into the woods. He 
caught and consumed a salmon, and continued to fish until 
we left the platform at 1450 hours. The female passed by 
the platform, huffing, and eventually left the area. Both 
the large male and the female were observed fishing at the 
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falls a few days later. The carcass of the yearling was 
retrieved by NPS personnel several days after the attack, 
and had been almost completely consumed. 
A second incident of infanticide was observed from a 
distance of ~15 m on July 21, 1989, at 1100 hours. A 
single subadult, a female with two spring cubs, and an 
adult male were present in the vicinity of the falls at 
the time of the attack. The fish capture rate that day 
appeared to be relatively low, with 0.9 fish caught per 
bear focal hour (5 fish caught in about 5.5 hours of bear 
presence). Bear activity and rates of fishing success had 
been fairly high for at least a week prior to the observed 
events; the total rate during July was 2.1 fish per bear 
hour. 
The adult male that attacked the cub had been 
observed on only two previous occasions. The female with 
two spring cubs frequented the river through much of July, 
but she had begun only recently to fish the falls on a 
regular basis. 
At the time of the attack the mother was fishing 
below the falls near the bank opposite the viewing 
platform about 40 rn away. The two cubs had initially been 
high in a spruce tree 10 m east of the observation 
platform, but had joined their mother below the tree to 
share a fish she had caught. They then followed her to 
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the river bank in front of the viewing stand, and had 
remained - there when she returned to fishing on the other 
side of the river. 
Several minutes before the attack the adult male 
walked by the viewing platform upriver. He returned via 
the same route where the cubs were then located, and 
rushed out of the brush towards them. The two cubs began 
running towards the refuge of the spruce tree. The cubs 
separated, and the male intercepted one a few meters from 
the downriver side of the platform. He took it by the 
neck and shook it, killing it. The other cub reached the 
spruce, climbed the tree, and bawled intermittently for at 
least 30 minutes. The male carried the carcass inland 
about 5 m, chewed on it briefly, then picked the carcass 
up and retreated into the woods, ~20 m from the viewing 
platform. The female did not notice these events and 
continued to fish below the falls near the opposite bank. 
About 30 minutes after the cub was killed the female 
stopped fishing, crossed the river, and approached the 
platform. She followed the path along which the male had 
carried the cub into the woods, returned to the viewing 
stand, and again followed an apparent scent trail. Upon 
her return she approached the spruce tree where the 
remaining cub had climbed, then milled around the area 
near the tree, stopping near the platform where the cub 
was killed. Blood on the grass appeared to attract her 
attention, and she sniffed and licked the grass several 
times. 
139 
The surviving cub was hesitant to leave the spruce; 
it repeatedly returned to the tree upon climbing down, and 
whenever the female left the base of the tree the cub 
bawled. The female appeared agitated, but had returned to 
fishing before 1430 hours. 
At 1830 hours I resumed observations at the falls 
platform. The male involved in the earlier incident fished 
the falls starting about 1900 hours, and left the area 
2130 hours; the female and cub were not observed. The 
male was not seen on Brooks River after July 22, while the 
female with cub continued to fish the falls until the end 
of July. NPS personnel searched for the carcass the day 
after the cub was killed; however, no remains were 
located. 
On July 19, 1989, at 1600 hours an unsuccessful 
attack on a yearling bear was observed (R. Rodehaver, 
Natl. Park Serv., pers. commun.), again at Brooks Falls. 
Bears using the falls when the attack occurred included 
several adult males and subadults, a single adult female, 
and a female with three yearlings. Fish capture rates at 
the time of the attack were reportedly low, but earlier in 
the day had been 2.9 fish/bear hour, close to the average 
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July rate. 
The - large male involved in the unsuccessful attack 
was the same male that killed the yearling in 1988. The 
female with three yearlings had been observed infrequently 
at the falls in 1989; she had fished at Brooks Falls 
during much of July, 1988. 
The female was fishing in a pool below the falls (40 
m opposite the viewing platform) with her yearlings a few 
meters behind her, when the large adult male rapidly 
approached the yearlings from downriver. The female's 
back was to her young, and she initially appeared unaware 
of the approaching male. 
The yearlings immediately fled from the large male. 
One of the three was unsuccessful in its attempt to 
escape, and turned to face the approaching male, standing 
bipedally and swatting at him. The male hit the yearling, 
knocking it underwater, and lunged his head into the water 
after it. The female charged at the male, hitting and 
biting him as he retreated 10-15 m, before she withdrew. 
The large male began to fish within a few minutes 
afterwards. The yearling was apparently unhurt; the sow 
was last seen with the yearlings on October 15, 1989. 
Mortality of Dependent Young 
at Brooks River 
During July two dependent offspring were killed by 
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adult males; regular observations of family groups through 
July of 1988-1990 confirmed that there were no other 
losses of dependent offspring. The observed rates of 
mortality during July were 8% for spring cubs (n = 12) and 
10% for yearlings (n = 10) (Table 14). In contrast, 
during the fall (Sept-Oct) observed rates of mortality 
were 0% for both spring cubs (n = 16) and yearlings (n = 
13) despite higher densities of adults. 
The subset of families observed on Brooks River 
during both July and the fall provides for an estimate of 
mortality among dependent young during the four-month 
period in which these families spent a large proportion of 
their time among concentrations of bears at salmon 
streams. These estimates for all years were 8% for spring 
cubs (n = 12) and 12% for yearlings (n = 8). 
At least 15-20 independent bears were observed using 
the river on a regular basis in July each year, and at 
least 25-30 were regularly seen in September-October; on 
average about 40% adult males, 35% adult females, and 25% 
subadults. Given the concentration of bear activity along 
the 2.5 km Brooks River, the mortality rate of dependent 
young resulting from frequent encounters with other bears 
appeared small. 
Several factors could have contributed to the 
observed mortality at Brooks Falls during July. First, 
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courtship behavior and mating were regularly observed 
during the first half of July; males could have been more 
aggressive then. The infanticide observed in 1988 
occurred during this time period. However, females with 
young typically did not use Brooks Falls to a large extent 
until after mating activity had ceased. 
Availability of food could also be related to the 
occurrence of infanticide. In July of 1990 fish 
availability was much higher than in 1988 or 1989, and no 
dependent offspring were killed. Further, both 
infanticides occurred in July, when bears had their first 
access to salmon; in the fall after bears had access to 
food for several months, no losses of dependent young were 
observed. 
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Table 15. The total number of different cubs and 
yearling~ observed each season and year. The left number 
in each column is the total number of dependent young seen 
on initial observations, the right number is that seen on 
final observations. 
Year 
1988 
1989 
1990 
Totals 
% mortality 
July Sept-Oct July-Oct• 
Cubs Yearlings Cubs Yearlings Cubs Yearlings 
6/6 3/2 
2/1 6/6 
4/4 1/1 
12/11 10/9 
8.3 10.0 
6/6 
3/3 
7/7 
16/16 
0.0 
6/6b 
6/6 
1/1 
13/13 
0.0 
6/6 1/0 
2/1 6/6 
4/4 1/1 
12/11 8/7 
8.3 12.5 
"For all families seen during both July and 
September-October. 
bone female with two yearlings was observed the last 
two days of the field season with only one yearling. 
Given the short duration of these observations, there was 
insufficient information to conclude mortality. 
CHAPTER VI 
SUMMARY 
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This study was designed to identify which cohorts of 
bears were differentially affected by the activities of 
conspecifics and people. Since human activity and salmon 
availability varied within and between study years, we 
also assessed the responses of bears to changes in these 
factors. We suggest that our observations of the 
processes occurring at Brooks River are applicable 
throughout Katmai NPP wherever bears and people congregate 
on salmon streams. 
Due to their overlapping use patterns with people, 
the adult bears most often seen and encountered at Brooks 
River were habituated. However, these individuals were a 
minority of the local population, constituting between 
23-39% of the adult bears observed in any season or year. 
Habituated adult bears appeared to respond directly to the 
relative availability of salmon throughout the lower 
Brooks River. Their behavior was less influenced by 
people while responding to salmon availability and other 
bears, particularly larger, more dominant individuals. 
Nonhabituated and unknown adult bears, alike in river 
use patterns, are referred to collectively here as 
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"non-habituated." Non-habituated adult bears were 
displacea consistently by unrestricted human activity. 
Non-habituated bears at Brooks River had their activity 
limited to Zone 6 (Brooks Falls) and Zone 5 during July. 
Dramatically increased fish availability in the 
observation zones near Brooks Camp during July 1990 did 
not result in increased use by these bears. 0 ~y during 
the fall did non-habituated adults increase their use of 
the observation zones nearest Brooks Camp after most human 
activity and associated noise had ended late in the 
season. The decline in the number of non-habituated adult 
bears during the fall from 1988-1989 to 1990 correlated 
with increased levels of human activity over this period. 
This reduction in numbers was attributable to a decline in 
the number of adult males and lone females; the trend 
continued in 1991 (Olson and Squibb 1991). 
Contrary to expectations, non-habituated females with 
young avoided human activity somewhat less than other 
non-habituated individuals. For example, the number of 
non-habituated families observed using Brooks River during 
the fall remained relatively stable from 1988 to 1990 
despite increasing human activity; a similar number of 
non-habituated families was also seen in 1991 (Olson and 
Squibb 1991). The continued use of the river in 1990 (and 
1991) by non-habituated family groups may reflect the 
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greater nutritional needs of mothers with dependent young. 
-
Nevertheless, it should be emphasized that during both 
July and fall the non-habituated females with young 
favored observation zones with least human activity. 
Also, the rates of activity by these females were highest 
late in the fall when human activity and noise were at 
their lowest levels. Most family groups showed 
disproportionately high use of Zone 5, where people and 
adult males were least frequent. Thus foraging females 
with young may seek to avoid both people and adult males 
during that time period. 
Subadults appeared to respond less to people than to 
larger, more dominant bears. Whether subadults tolerant 
of people are habituated to the same degree as adults with 
similar habits is unclear (Braaten and Gilbert 1987). 
Further, it is unclear whether subadults which appear 
habituated at Brooks River will mature consistently into 
habituated adults. Despite anecdotal instances of this 
pattern, the difficulty of recognizing known subadults 
across years, and their tendency to disperse, prevents any 
firm conclusions. 
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